i 


Historic,  archived  document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


2  -  ,704    .      ~"  \^  .  .     \ "Z"*^  \  »♦  "  ■ 

U.  S.  DEPARTMENT  OF  AGRICULTURE. 

OFFICE  OF  EXPERIMENT  STATIONS — BULLETIN  NO.  147. 

A.  C.  TRUE,  Director. 


BY 


C.  O.  ELLIOTT, 

fefSTANT,  IN  CHARGE  OF  DRAINAGE  INVESTIGATIONS. 


WASHINGTON: 

GOVERNMENT  PRINTING 

1904. 


OFFICE. 


LIST  OF  PUBLICATIONS  OF  THE  OFFICE  OF  EXPERIMENT  STATIONS  ON 

.  IRRIGATION  AND  DRAINAGE. 


Note. — For  those  publications  to  which  a  price  is  affixed  application  should  be 
made  to  the  Superintendent  of  Documents,  Government  Printing  Office,  Washington, 
D.  C,  the  officer  designated  by  law  to  sell  Government  publications.  Publications 
marked  with  an  asterisk  (*)  are  not  available  for  distribution. 

*Bul.   36.  Xotes  on  Irrigation  in  Connecticut  and  New  Jersey.    By  C.  S.  Phelps  and 

E.  B.  Voorhees.    Pp.  64.    Price,  10  cents. 
Bui.   58.  Water  Rights  on  the  Missouri  Kiver  and  its  Tributaries.    By  Elwood  Mead. 

Pp.  SO.    Price,  10  cents. 
Bui.   60.  Abstract  of  Laws  for  Acquiring  Titles  to  Water  from  the  Missouri  River 

and  its  Tributaries,  with  the  Legal  Forms  in  Use.    Compiled  by  Elwood 

Mead.    Pp.  77.    Price,  10  cents. 
Bui.   70.  Water-Right  Problems  of  Bear  River.    By  Clarence  T.  Johnston  and 

Joseph  A.  Breckons.    Pp.  40.    Price,  15  cents. 
Bui.    73.  Irrigation  in  the  Rocky  Mountain  States.    By  J.  C.  Ulrich.    Pp.64.  Price, 

10  cents. 

Bui.  81.  The  Use  of  Water  in  Irrigation  in  Wyoming.  By  B.  C.  Buffum.  Pp.  56. 
Price,  10  cents. 

*Bul.   86.  The  Use  of  Water  in  Irrigation.  "Report  of  investigations  made  in  1899, 
under  the  supervision  of  Elwood  Mead,  expert  in  charge,  and  C.  T.  John- 
ston, assistant.    Pp.  253.    Price,  30  cents. 
Bui.   87.  Irrigation  in  Xew  Jersey.    By  Edward  B.  Voorhees.    Pp.  40.    Price,  5 

cents. 

*Bul.   90.  Irrigation  in  Hawaii.    By  Walter  Maxwell.    Pp.  48.    Price,  10  cents. 
Bui.   92.  The  Reservoir  System  of  the  Cache  la  Poudre  Valley.    By  E.  S.  Xettleton. 

Pp.  48.    Price,  15  cents. 
Bui.   96.  Irrigation  Laws^f  the  Northwest  Territories  of  Canada  and  Wyoming,  with 

Discussions  by  J.  S.  Dennis,  Ered  Bond,  and  J.  M.  Wilson.    Pp.  90. 

Price,  10  cents. 

Bui.  100.  Report  of  Irrigation  Investigations  in  California,  under  the  direction  of 
Elwood  Mead,  assisted  by  William  E.  Smythe,  Marsden  Manson,  J.  M. 
Wilson,  Charles  D.  Marx,  Frank  Soule,  C.  E.  Grunsky,  Edward  M.  Boggs, 
and  James  D.  Schuyler.  Pp.  411.  Price,  cloth,  $1.25;  paper,  90  cents. 
*Bul.  104.  The  Use  of  Water  in  Irrigation.  Report  of  investigations  made  in  1900, 
under  the  supervision  of  Elwood  Mead,  expert  in  charge,  and  C.  T. 
Johnston,  assistant.    Pp.  334.    Price,  50  cents. 

Bui.  105.  Irrigation  in  the  United  States.  Testimony  of  Elwood  Mead,  irrigation 
expert  in  charge,  before  the  United  States  Industrial  Commission  June 

11  and  12,  1901.    Pp.  47.    Price,  15  cents. 

Bui.  108.  Irrigation  Practice  among  Fruit  Growers  on  the  Pacific  Coast.    By  E.  J. 

Wickson.  Pp.  54.  Price,  15  cents. 
Bui.  113.  Irrigation  of  Rice  in  the  United  States.    By  Frank  Bond  and  George  H. 

Keeney.  Pp.  77.  Price,  30  cents. 
Bui.  1  IS.  Irrigation  from  Big  Thompson  River.    By  John  E.  Field.    Pp.  75.  Price, 

10  cents. 

*Bul.  119.  Report  of  Irrigation  Investigations  for  1901,  under  the  direction  of  Elwood 
Mead,  chief.    Pp.  401.    Price,  50  cents. 

[Continued  on  third  page  of  cover.] 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 

OFFICE  OF  EXPERIMENT  STATIONS — BULLETIN  NO.  147. 

A.  C.  TRUE,  Director. 


REPORT  ON  DRAINAGE  INVESTIGATIONS,  190 


BY 


C.  Gr.  ELLIOTT, 

ASSISTANT.  IN  CHARGE  OF  DRAINAGE  INVESTIGATIONS. 


WASHINGTON: 

GOVERNMENT  PRINTING 

1904. 


OFFICE. 


OFFICE  OF  EXPERIMENT  STATIONS. 


A.  C.  True,  Ph.  D.,  Director. 

E.  W.  Allen.  Ph.  D.,  Assistant  Director. 

IRRIGATION  INVESTIGATIONS. 

Elwood  Mead,  Chief. 

R.  P.  Teele,  Editorial  Assistant. 

C.  E.  Tait,  Assistant,  in  Charge  of  Central  District. 

Samuel  Fortier,  Irrigation  Engineer,  in  Charge  of  Pacific  District. 

C.  G.  Elliott,  Engineer,  in  Charge  of  Drainage  Investigations. 
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U.  S.  Department  of  Agriculture. 

Office  of  Experiment  Stations, 

Washington,  D.  C,  May  12,  190 % 
Sir:  I  have  the  honor  to  transmit  herewith  a  report  on  the  drainage 
work  of  this  Office  during*  the  year  1903.  carried  on  by  Mr.  C.  G. 
Elliott,  assistant,  in  charge  of  drainage  investigations,  under  the 
direction  of  Elwood  Mead,  chief  of  irrigation  investigations.  Its 
publication  as  a  bulletin  of  this  Office  is  recommended. 
Respectfully, 

A.  C.  True, 

Director. 

Hon.  James  Wilson, 

Secretary. 
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LETTER  OF  SUBMITTAL. 


IT.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Washington,  D.  C>,  May  12,  190 % 

Sir  :  I  have  the  honor  to  submit  herewith  a  report  on  the  work  done 
during  the  year  1903  by  Mr.  C.  G.  Elliott,  assistant,  in  charge  of  the 
drainage  investigations  of  this  Office. 

The  same  influences  which  brought  about  the  extension  of  the  work 
of  this  Department  in  other  lines,  especially  irrigation,  have  compelled 
it  to  take  up  the  study  of  drainage  methods.  So  long  as  there  was  a 
large  area  of  fertile,  dry,  prairie  land  which  could  be  brought  under 
cultivation  with  no  expenditure  except  for  breaking  the  sod,  little  atten- 
tion was  paid  to  conserving  the  fertility  of  soils,  improving  waste 
lands,  or  irrigating  arid  lands.  With  our  increasing  population  the 
area  of  unoccupied,  arable  land  constantly  diminishes,  while  the  demand 
for  agricultural  products  constantly  increases.  Three  ways  to  satisfy 
this  demand  are  open:  Better  use  of  old  farms:  improvement  of  waste 
lands;  and  irrigation  of  arid  lands.  Drainage  plays  an  important  part 
in  each  of  these. 

There  are  large  areas  of  land  which  always  receive  too  much  water, 
large  areas  which  never  receive  enough,  and  yet  larger  areas  which 
have  sometimes  too  much  and  sometimes  too  little  water.  Only  by  a 
proper  control  of  the  water  supply  can  these  lands  be  made  to  produce 
the  best  crops,  and  such  a  control  includes  both  irrigation  and  drain- 
age, some  lands  needing  one,  some  the  other,  and  some  needing  both. 
The  greater  part  of  the  land  now  farmed  in  the  United  States  belongs 
to  the  last  class.  The  experiments  made  by  this  Office  and  the  experi- 
ence of  farmers  and  gardeners  show  that  irrigation  in  dry  years,  even 
in  the  regions  of  heaviest  average  rainfall,  much  more  than  repays  the 
cost  of  supplying  the  water.  •  In  those  regions  crops  are  as  often 
drowned  out  as  burned  out,  and  it  is  probable  that  drainage  to  remove 
water  in  wet  }Tears  will  prove  as  profitable  as  irrigation  in  dry  years. 
^The  area  of  land  in  the  United  States  east  of  the  one  hundredth 
meridian  which  is  too  wet  for  agricultural  use,  which  can  be  reclaimed 
by  drainage,  has  been  estimated  by  Prof.  N.  S.  Shaler  at  from  105,000 
to  131,000  square  miles,  or  from  67,200,000  to  83,810,000  acres.  It  is 
a  notable  fact  that  this  is  practically  the  same  as  the  estimates  of  the 
area  which  can  be  reclaimed  b}^  irrigation;  that  is,  the  area  east  of  the 
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one  hundredth  meridian  which  can  be  reclaimed  by  drainage  equals 
that  west  of  that  line  which  can  be  reclaimed  by  irrigation.  These 
wet  lands  have  received  for  centuries  the  alluvial  deposits  from  the 
streams  which  overflow  them  and  the  vegetable  mold  from  the  rank 
growth  which  covers  them,  so  that  when  relieved  of  their  surplus 
water  they  are  among  our  most  productive  lands.  They  have  not 
been  reclaimed  because  of  the  expense  involved  and  the  availability  of 
other  lands  which  required  less  outlay  to  bring  them  under  cultiva- 
tion, but  the  exhaustion  of  the  supply  of  other  lands  and  the  nearness 
of  these  wet  lands  to  markets  and  lines  of  transportation  are  making 
their  drainage  profitable.  The  census  of  1900  gives  the  average  value 
of  farm  lands  in  the  United  States  as  approximately  $20  per  acre. 
At  this  valuation  the  reclamation  of  these  swamp  lands  would  add 
about  $1,500,000,000  to  the  value  of  our  farm  lands,  but  when 
reclaimed  they  will  be  among  our  most  valuable  lands,  so  that  this 
estimate  is  far  too  low.  West  of  the  one  hundredth  meridian  there 
is  also  much  land  of  the  same  kind,  the  area  of  swamps  in  California 
alone  being  1,750,000  acres.  It  is  estimated  that  this  land,  if 
reclaimed,  will  be  worth  $300,000,000. 

The  use  of  water  on  the  arid  lands  of  the  West  has  rendered  many 
areas,  which  were  formerly  too  dry  to  raise  crops,  too  wet  to  produce 
anything  of  value.  In  the  older  irrigated  sections  of  Colorado  fully 
10  per  cent  of  the  lands  formerly  cultivated  are  now  swamps,  and  the 
area  is  constantly  increasing.  Similar  conditions  exist  in  the  other 
irrigated  sections.  These  lands  have  been  abandoned  because  it  cost 
less  to  water  new  lands  than  to  drain  the  old.  But,  as  longer  canals 
are  required  to  reach  new  lands,  the  expense  becomes  so  great  that 
better  returns  can  be  secured  by  the  drainage  of  seeped  lands.  The 
exhaustion  of  the  water  supply  helps  on  this  tendency,  since  these 
lands  when  drained  require  much  less  water  than  higher  lands,  and  the 
water  drained  from  them  can  be  used  to  irrigate  other  lands. 

Another  result  of  irrigation  without  proper  drainage  has  been  the 
accumulation  of  alkali  in  the  low  lands  to  such  an  extent  that  crops 
will  not  grow.  Natural  drainage  onto  these  lands  produced  a  like 
result  before  irrigation  began.  Experiments  have  shown  that  con- 
tinued irrigation,  after  the  land  has  been  supplied  with  drains,  will 
wash  out  this  alkali  and  restore  the  land  to  its  former  productiveness. 

In  order  that  the  largest  success  in  drainage  may  be  realized  it  is 
necessary  that  none  but  the  best  methods  be  employed.  The  work  of 
the  drainage  investigations  of  this  Office,  carried  on  by  Mr.  P^lliott, 
includes  the  study  of  the  methods  now  used  with  a  view  to  adapting 
them  to  varying  local  conditions  throughout  the  United  States;  the 
giving  of  advice  as  to  the  drainage  of  lands  where  the  conditions  are 
characteristic  of  a  class:  and  the  publication  of  reports  and  bulletins 
giv  ing  the  results  of  the  studies  made.    These  reports  are  primarily 
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for  the  benefit  of  the  owners  of  wet  lands;  in  calling  their  attention 
to  the  possibilities  of  drainage,  showing  them  how  it  can  be  done  most 
effectively  and  economically,  and  giving  them  estimates  of  the  neces- 
sary expense.  It  is  believed,  however,  that  these  reports  will  prove 
of  great  benefit  to  our  agricultural  and  engineering  schools.  There  is 
a  growing  demand  for  more  and  better  instruction  in  rural  engineer- 
ing*, including  drainage  and  irrigation,  and  many  schools  are  establish- 
ing  such  courses,  creating  a  demand  for  up-to-date  material  for  the 
use  of  teachers  and  students. 

The  report  herewith  submitted  covers  the  first  year's  work  in 
drainage  done  by  this  Office.  This  work  includes  plans  for  reclaiming 
alkali  lands  at  Fresno,  Cal.,  in  Yakima  and  Atanum  valleys,  Washing- 
ton, and  in  Grey  Bull  Valley,  Wyoming;  plans  for  the  drainage  of 
overflowed  bottom  lands  in  the  Missouri  Valley  in  Iowa;  and  experi- 
ments with  the  use  of  drains  to  prevent  hillside  erosion  in  Georgia. 
In  addition  to  the  work  here  reported  on,  Mr.  Elliott  has  given  advice 
and  answered  a  large  number  of  inquiries  as  to  drainage  plans,  both 
in  person  and  by  correspondence. 

Respectfully,  Elwood  Mead, 

Chief  of  Irrigation  In  vestigations* 

A.  C.  True,  Director. 
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REPORT  OX  DRAINAGE  INVESTIGATIONS,  1903. 


INTRODUCTION. 

The  best  practical  methods  of  applying  the  necessary  quantity  of 
water  to  soils  which  are  deficient  in  moisture,  and  of  draining  them 
when  the  supply  of  water  from  any  source  becomes  too  great,  are  of 
vital  interest  to  every  cultivator.  The  object  of  the  drainage  work 
which  the  Office  of  Experiment  Stations  has  undertaken  in  connection 
with  its  irrigation  investigation  is  to  study  these  methods  and  their 
efficiency  under  various  conditions,  to  examine  lands  needing  drainage, 
and  to  give  advice  as  to  their  reclamation.  Such  aid  has  been  given 
where  the  work  involved  was  fairly  representative  of  a  general  class 
of  conditions  affecting  the  reclamation  and  development  of  land. 
What  has  been  done  along  this  line  during  the  past  year  is  herein  out- 
lined, with  the  deductions  and  results  briefly  discussed.  Actual  field 
and  local  conditions  have  been  dealt  with  direct.  Business,  engineer- 
ing, and  practical  phases  of  various  problems  have  been  considered 
and  will  continue  to  receive  marked  attention  in  future  investigations. 

PLANS  AND  ESTIMATES  FOR  DRAINAGE  OF  FRESNO  DISTRICT, 

CALIFORNIA. 

Investigations  were  made  in  the  vicinity  of  Fresno,  Cal.,  during  the 
summer  of  1902,  to  secure  data  from  which  plans  for  the  drainage  of 
surplus  underground  water  could  be  intelligently  made.  Surveys 
were  made  in  1902  by  Prof.  O.  V.  P.  Stout,  agent  and  expert.  The 
necessity  for  drainage  has  been  forced  upon  the  attention  of  all  observ- 
ing fruit  growers  and  vineyardists.  The  facts  are  patent  to  everyone, 
but  the  particular  remedy  to  be  applied  has  not  been  so  clear  by  reason 
of  the  extent  of  territory  involved,  the  surface  and  soil  conditions 
peculiar  to  the  section,  and  the  elaborate  improvements  which  have 
become  an  essential  part  of  the  Fresno  surroundings.  All  of  these 
and  possibly  other  conditions  must  be  taken  into  consideration  in  the 
development  of  any  practical  drainage  plan. 

The  facts  which  emphasize  the  necessity  of  drainage  and  the  difficul- 
ties to  be  met  in  securing  it  may  be  briefly  enumerated.  The  lower 
soil  which  formerly  was  dry  and  afforded  ready  drainage  for  water 
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leaking  from  irrigating  canals  and  that  furnished  by  overirrigation  of 
lands  which  they  serve,  has  become  filled  with  water  which  shows  at 
the  surface  in  the  lower  areas  and  at  varying  heights  in  the  soil  over 
the  entire  tract  of  cultivated  land.  This  water  table  or  plane  of  satura- 
tion is  not  infrequently  found  within  2  feet  of  the  surface,  though  its 
height  varies  during  the  growing  season.  The  effect  of  this  condition 
is  to  injure  growing  crops  in  two  ways.  First,  by  an  excess  of  water 
in  the  soil,  which  is  eveiywhere  and  at  all  times  a  hindrance  to  the 
proper  growth  and  development  of  useful  plants.  It  rots  the  roots  of 
trees  and  vines  and  limits  the  productive  depth  of  the  soil  to  that  por- 
tion lying  between  the  water  table  of  the  soil  and  the  surface,  thus  cut- 
ting off  a  large  part  of  the  available  fertility  peculiar  to  the  soil  of  this 
district.  Second,  by  the  excess  of  alkali  which  the  abundance  of  water 
has  dissolved  from  the  soil  and  which,  through  the  process  of  evapora- 
tion, has  become  concentrated  at  or  near  the  surface.  This  deposit  is 
the  result  of  successive  annual  accumulations  until  in  many  localities 
entire  vineyards  have  been  destroyed  and  others  are  in  the  various 
stages  of  decline.  That  the  evil  is  growing  and  threatens  the  final 
destruction  of  thousands  of  acres  of  valuable  vineyard  land  is  shown  by 
the  observations  and  opinions  of  the  most  careful  cultivators. 

That  drainage  will  remedy  the  evils  mentioned,  and  particularly  that 
it  wilLarrest  the  inroad  of  alkali  and  furnish  a  means  for  the  reclama- 
tion of  land  already  injured  from  this  cause,  has  been  shown  in  many 
publications  of  the  California  Experiment  Station  and  by  experiments 
made  by  farmers  in  this  and  other  States. 

EXTENT  AND  RESULTS  OF  THE  SURVEY. 

The  study  made  in  the  Fresno  district  was  confined  to  the  engineer- 
ing problems  involved  in  the  proper  drainage  of  this  region,  and  its 
results  are  intended  to  show  what  ma}r  be  done  to  alleviate  similar 
difficulties  in  irrigated  regions  where  like  conditions  are  found. 

The  survey  made  during  the  summer  and  fall  of  1902  covered  a  terri- 
tory of  300  square  miles  and  was  made  for  the  purpose  of  determining 
the  surface  slopes,  the  position  and  kind  of  hardpan,  the  plane  of  sub- 
soil water,  the  action  of  existing  drains,  and  the  character  of  such 
drainage  water  as  could  be  obtained. 

The  territory  demanding  the  most  urgent  and  immediate  drainage  is 
that  l}^ing  directly  south  and  southwest  of  the  city  of  Fresno,  compris- 
ing about  28  square  miles  of  highly  cultivated  vineyard  land,  or  that 
which  has  been  such.  The  surface  slopes  westerly,  and  in  some 
instances  southwesterly,  about  5  feet  per  mile  (see  Map,  PI.  I).  The 
main  irrigating  canals  extend  in  the  direction  of  the  greatest  slope 
and  parallel  each  other  at  intervals  of  from  three-quarters  to  one  and 
one-half  miles.  There  is  no  drainage  outlet  nearer  than  the  Fresno 
Slough,  which  is  15  miles  distant,  southwesterly  from  the  city  of  Fresno, 


Proposed  Plan  for  Drainage  of  Fresno  District,  California. 
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The  district  for  which  surveys  and  estimates  have  been  made  is 
bounded  as  follows:  Beginning  at  the  intersection  of  California  and 
Chestnut  avenues,  which  is  the  northeast  corner  of  the  district:  thence 
westerly  along  California  avenue:  thence  southwesterly  on  the  south 
side  of  the  ridge  to  Cornelia  and  Fresno  avenues:  thence  south  on 
Cornelia  avenue  to  Washington  avenue:  thence  east  on  Washington 
avenue,  across  the  Southern  Pacific  and  Santa  Fe  railroads  to  the 
southeast  corner  of  sec.  32,  T.  1-1  S..  E.  21  E. :  thence  north  on  the 
east  line  of  sec-,  32  and  29  to  North  avenue:  thence  west  to  Chestnut 
avenue:  thence  north  on  Chestnut  to  California  avenue,  the  place  of 
beginning. 

DEPTH  AND  FREQUENCY  OF  DRAINS. 

From  investigations  made  here  and  elsewhere  relative  to  the  drainage 
of  irrigated  land  which  has  become  wet  by  seepage,  it  is  learned  that 
shallow  drains,  by  which  are  meant  those  from  2  to  3^  feet  deep,  do  not 
prevent  the  rise  of  alkali  to  the  surface,  nor  in  many  cases  make  the 
land  sufficiently  dry  for  the  most  profitable  cultivation.  A  depth  of 
from  5  to  7  feet  for  main  drains,  it  is  believed,  will  lower  the  water  line 
to  such  a  point  that  the  accumulation  of  alkali  at  the  surface  will  cease; 
and  when  once  the  surface  excess  is  disposed  of  by  the  well-known 
methods  of  irrigation  and  cultivation  the  land  will  be  permanently 
restored. 

The  distance  apart  at  which  the  drains  should  be  placed  is  one-half 
mile  in  east  and  west  parallel  lines.  At  this  distance  they  will  be  acces- 
sible to  owners  of  land  on  either  side  without  great  difficulty;  and  fur- 
ther, it  is  believed  that  they  will  reduce  the  water  level  uniformly  over 
the  entire  area  with  the  exception  of  such  portions  as  have  a  persistent 
hardpan  stratum  at  a  depth  less  than  that  of  the  drains. 

GENERAL.  PLANS. 

While  the  depth  and  distance  apart  at  which  it  is  wise  to  place  the 
main  drains  are  quite  clear,  as  determined  by  examinations  so  far  made, 
there  may  be  a  choice  of  the  kind  of  drains  which  it  would  be  proper 
to  use  for  the  main  drainage.  Underdrains  constructed  of  drain  tile 
have  been  sufficiently  well  tested  at  Fancher  Creek  Nursery  and  Sun- 
nyside  A^ineyard  to  prove  that  soil  water  will  readily  reach  them  and 
flow  away  when  an  outlet  is  provided;  and  further,  that  they  will 
lower  the  water  table  to  a  level  approaching  that  of  the  floor  of  the 
drains  for  a  distance  not  yet  determined.  Deep,  open  ditches,  when 
kept  in  good  condition,  will  relieve  adjacent  land  of  seepage  and 
drainage  water.  In  either  system  the  water  must  be  disposed  of  con- 
stantly and  not  be  permitted  to  accumulate  and  back  up  in  the  drains, 
thereby  raising  the  water  line  in  the  soil  between  them  and  partially 
defeating  the  object  of  their  construction. 
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PL.AN  NO.  1.— OPEN-DRAINAGE  SYSTEM. 

The  open  system  for  the  district  described  must  have  an  intercepting 
outlet  drain  at  the  west  which  will  receive  and  carry  all  water  coming 
from  the  district  in  a  southwesterly  direction  toward  Fresno  Slough. 
It  should  begin  at  the  west  side  of  sec.  IT,  T.  14,  R.  20,  extend  south- 
westerly, as  shown  upon  the  map,  in  the  direction  of  the  greatest  slope 
of  the  land  a  distance  of  6  miles,  having  a  full  depth  of  7  feet;  then, 
with  a  grade  of  1|  feet  per  mile  for  2  miles,  until  the  water  is  discharged 
upon  the  surface  of  the  ground  at  a  point  40  feet  lower  than  the  surface 
of  the  land  where  it  started.  This  drain  should  be  12  feet  wide  on  the 
bottom,  with  side  slopes  of  1  to  1  for  the  entire  distance.  It  may  be 
added  that  this  ditch  will  be  in  line  to  receive  drainage  from  the  city 
of  Fresno,  as  well  as  from  the  district. 

The  drains  for  the  district  will  consist  of  eight  parallel,  open  drains, 
one-half  mile  apart,  extending  from  the  eastern  boundary  of  the  dis- 
trict directly  west  to  the  intercepting  drain.  They  will  have  an  aver- 
age grade  of  5  feet  per  mile:  will  be  from  5  to  8  feet  deep,  4  feet  wide 
on  the  bottom,  side  slope  of  1  to  1,  and  not  less  than  20  feet  wide 
across  the  top.  They  will  be  constructed  on  one  side  of  the  avenues 
or  roads,  the  excavated  earth  being  thrown  into  the  road  and  made 
into  an  embankment  next  to  the  property  line.  Where  the  ditches 
cross  roads,  bridges  must  be  built;  where  they  intersect  irrigating 
canals,  drains  may  be  carried  underneath  by  boxing  or  sewer  pipe: 
where  they  come  in  front  of  and  cat  off  entrance  to  private  property, 
bridges  must  be  built  or  the  drain  must  be  boxed  and  covered.  Where 
the  ditches  cross  railroad  lines,  large  cast-iron  culvert  pipes  may  be 
used.  All  of  these  must  be  provided  for  as  well  as  the  cost  of  right 
of  way,  where  the  ditches  do  not  follow  roads. 

The  cariying  out  of  this  plan  will  involve  the  construction  of  8  miles 
of  intercepting  outlet  ditch  and  65^  miles  of  interior  or  lateral  ditches. 
The  estimate  of  the  cost  of  this  work,  including  bridges,  right  of  way 
where  public  roads  do  not  exist,  organizing,  legal  and  other  expenses, 
may  be  stated  as  follows: 

Estimate  for  open  drains. 

INTERCEPTING   OUTLET.  ' 

6  miles  of  ditches,  bottom  width  12  feet,  depth  7  feet,  25,977 

cubic  yards  per  mile,  at  15  cents   S23,  379 

1  mile  of  ditch,  bottom  width  12  feet,  depth  5  feet,  16,579  cubic 

yards,  at  10  cents   1,  658 

1  mile  of  ditch,  bottom  width  12  feet,  depth  3  feet,  8,817  cubic 

yards,  at  10  cents   „  =  „   882 


25, 919 
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LATERAL  DRAINS   ( ESTIMATE  PER  MILE). 

Average  depth  7  feet,  bottom  4  feet,  side  slopes  1  to  1,  15,048 


cubic  yards,  at  15  cents   $2,  257 

2  highway  bridges,  at  $75   150 

6  farm  entrance  bridges,  at  $50   300 


2,  707 

Intercepting  outlet   25,  919 

65.5  miles  laterals,  at  $2,707   177,  308 

23  boxed  crossings  for  irrigation  canals,  at  $50   1, 150 

Railroad-iron  pipe  culverts   6,  500 

Right  of  way,  23.75  acres,  at  $150   3,  563 


214,  440 

Organization,  engineering,  superintendence,  etc.,  10  per  cent  ..  21,444 


Total   235,  884 


The  area  which  can  be  drained  by  the  open-drain  system  here  esti- 
mated is  approximately  20,000  acres,  making -the  average  cost  per 
acre  §11.80. 

The  construction  difficulties  which  will  be  encountered  in  the  execu- 
tion of  this  plan  are  of  a  somewhat  uncertain  nature.  It  will  be  neces- 
sary to  make  the  excavations  during  the  fall  and  early  winter  when 
the  soil  water  is  at  its  lowest  stage.  The  intercepting  ditch  can  proba- 
bly be  constructed  with  a  floating  dredge  more  expeditiously  and 
cheaply  than  by  any  other  method,  for  the  reason  that  sufficient  water 
will  likely  be  developed  for  floating  the  machine,  in  which  case  the 
work  can  be  done  at  any  season  of  the  year.  The  parallel  ditches  can 
probably  be  made  either  wholly  or  in  part  by  diy-land  machines.  A 
part  of  this  work,  however,  will  consist  of  the  proper  placing  of  the 
excavated  earth  in  the  form  of  road  embankments.  Hardpan  will  be 
an  undetermined  factor  in  the  work,  as  will  also  spots  of  water-bearing 
soil  or  quicksand. 

The  careful  cleaning  and  care  of  these  ditches  will  be  essential  to 
their  efficiency,  for  they  must  be  kept  clear  and  in  condition  to  permit 
a  ready  flow  of  water  over  the  bottom  at  all  times.  The  loose  charac- 
ter of  the  soil  and  the  rapid  growth  of  vegetation  will  make  this  a  work 
requiring  constant  vigilance. 

PLAN  NO.  2.— COVERED  OR  TILE-DRAIN  SYSTEM. 

The  tile-drain  system  will  not  require  the  open  intercepting  drain  as 
an  outlet.  For  this  system  the  territory  is  divided  into  18  subdistricts, 
averaging  in  size  from  800  to  1,700  acres.  Lines  of  tile  ranging  from 
8  inches  to  22  inches  in  diameter  are  laid  in  parallel  lines  along  the 
avenues,  corresponding  to  the  system  described  for  open  ditches. 
The  ditches  do  not  cross  irrigation  canals  except  in  a  few  instances. 
The  discharge  from  the  drains  is  received  in  a  sump  located  near  a 
30440— Xo.  147—04  2 
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canal,  and  is  then  lifted  into  it  by  a  suitable  pump  operated  by  an 
oil  engine.  The  quantity  of  water  which  the  drains  are  designed  to 
carry  and  the  pumps  to  lift  is  2i  cubic  feet  per  second  for  each  square 
mile.  The  drains  will  be  laid  7  feet  deep,  their  size  being  proportioned 
to  the  area  which  may  be  drained  into  the  separate  lines.  For  the 
purpose  of  making  the  drains  accessible,  so  that  the}r  may  be  kept 
free  from  silt  and  roots,  manholes  constructed  of  redwood  lumber,  2i 
by  1  feet,  reaching  18  inches  below  the  now  line  of  the  drain,  are 
placed  at  intervals  of  400  or  500  feet.  The  necessity  for  this  provision 
is  quite  apparent  from  an  inspection  of  tile  drains  which  have  been  laid 
in  the  vicinity.  Local  experience  is  that,  if  the  drains  be  laid  16  feet 
distant  from  a  line  of  trees  or  vines,  but  little  difficulty  from  roots 
entering  drains  is  found.  But  this  condition  can  not  be  met  in  this 
system  of  drains,  so  that  it  will  be  necessary  to  make  ample  provision 
for  the  constant  scouring  of  the  drains.  They  should  be  laid  upon 
a  board  bed,  and  provision  has  been  made  for  this  in  the  estimate. 
No  provision  is  made  in  the  estimate  for  the  purchase  of  Tight  of  way 
for  drains,  since  any  inconvenience  or  loss  resulting  to  land  during 
construction  will  be  more  than  compensated  for  by  reason  of  the 
proximity  of  the  drains  to  the  fields  of  the  owners  who  will  be  incon- 
venienced. 

ESTIMATE  OF  COST. 

The  newness  of  this  class  of  work  here  and  the  difficulty  of  getting 
at  the  probable  prices  at  which  large  drain  tile  can  be  obtained  give  an 
uncertainty  to  the  estimate  for  this  plan.  In  this  estimate  the  cost  of 
pumping  plant,  manholes,  material,  labor,  organization,  legal  fees, 
engineering,  and  superintendence  have  been  provided  for;  also,  a 
liberal  price  has  been  allowed  for  excavation  because  of  the  unknown 
part  which  hardpan  and  caving  soil  will  play  in  the  construction  work. 

The  following  units  of  cost  have  been  used  in  making  the  estimate 
of  the  cost  of  the  execution  of  Plan  No.  2: 


Cost  of  tile  drains  per  lineal  foot. 


Size  of  tile. 

8-inch. 

10-inch.  12-inch. 

14-inch. 

16-inch. 

18-inch. 

20-inch. 

22-inch. 

Cost  of  tile  at  Fresno  

Other  costs  

Total  

Cents. 
13i 
19| 

Cents. 
20! 

Cents. 
27 

Cents. 
40 
23! 

Cents. 
50 

m 

Cents. 
60 
25! 

Cents. 
70 
29| 

Cents. 
85 
33 

32| 

42£ 

48! 

63! 

73| 

85! 

m 
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Cost  of  manholes,  estimated  at  li  cents  per  lineal  foot  drain;  sumps 
at  pumping  stations,  $90  each;  pumping  plants,  $1,200  for  the  smaller 
and  $1,600  for  the  larger  subdistricts.  To  the  total  cost  of  construc- 
tion 5  per  cent  is  added  to  cover  incidental  expenses,  such  as  organi- 
zation, engineering,  etc.,  which  can  not  be  itemized  but  which  area 
legitimate  and  necessary  part  of  the  cost  of  the  completed  work. 
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The  following  is  an  estimate  of  the  eost  of  Plan  No.  2  by  districts: 


Cost  of  tile  s 

ystern  by 

districts. 

District  number. 

Number 

Cost  per 

Total  cost 

of  acres. 

acre. 

per  district. 

1  

1.011 

$14.45 

$14,  608. 95  i 

2 

1,331 

15. 29 

20, 350. 99 

3  

800 

13. 11 

10, 488. 00 

4  

787 

13.  26 

10, 435.  62 

5  

576 

14.  94 

8, 605. 44 

6  

700 

12. 61 

8,827.00  ! 

7 

442 

14. 51 

6. 413. 42 

8  

1,123 

12.86 

14. 441.  78 

9 

1  241 

14.  95 

18  552.  95 

10  

'928 

12.  38 

11, 488*.  64 

11  

1.754 

15.  77 

27,660.58 

12  

973 

928 

13. 36 

12,999  28 

13  

13.67 

12, 785.  76  ! 

14  

1.030 

14.  36" 

15  

947 

14. 18 

13,  428. 46 

16  

745 

15.  25 

11.361.25 

17...  

1,203 

14.  00 

16, 842. 00 

18  

1,840 

15. 00 

27, 600. 00 

Total  

18,359 

261, 680. 92 

Average  cost  per  acre  by  districts. 

S14.11. 

Under  this  plan  the  subdistricts  are  designed  and  estimated  as  units, 
and  the  cost  per  acre  of  the  territory  included  in  each  does  not  in  any  way 
depend  upon  that  of  an  adjoining  subdistrict.  Striking  an  average  for 
the  whole  district  the  cost  per  acre  is  estimated  at  814.25.  In  this  sys- 
tem all  drains  are  of  tile  and  labor  and  material  are  estimated  at  present 
quotations.  While  the  cost  varies  somewhat  for  the  different  subdis- 
tricts. this  may  be  regarded  as  a  fairly  accurate  estimate  under  existing 
prices.  There  will  be  approximately  60  miles  of  drains,  making  it  a 
work  of  such  magnitude  that  it  will  enlist  the  best  efforts  of  contract- 
ors. Each  separate  subdistrict  will  require  from  10.000  to  31.000  feet 
of  drain  tile,  ranging  from  8  to  22  inches  in  diameter.  AVith  respect  to 
the  estimates  of  the  cost  of  either  plan,  it  should  be  said  that  a  more 
minute  canvass  and  examination  of  all  the  details  will  probably  result 
in  a  reduction  of  the  estimate.  It  is  believed  that  the  tile  system  can 
be  constructed  for  from  10  to  20  per  cent  less  than  this  estimate,  making 
the  probable  cost  from  $11.30  to  $12.70  per  acre.  In  consideration 
of  work  for  which  no  local  price  is  established  it  is  difficult  to  make 
a  close  estimate  of  cost,  as  market  and  labor  conditions  may  be  essen- 
tiallv  different  when  the  time  comes  for  the  letting*  of  contracts. 


COMPARISON  OF  THE  TWO  PLANS. 

Plan  Xo.  1  disposes  of  water  by  gravity  into  a  large  intercepting 
outlet  constructed  for  the  purpose  which  will  discharge  the  water  into 
the  flat  leading  into  the  Fresno  Slough.  Plan  Xo.  2  gathers  water  into 
sumps  at  convenient  points  by  means  of  tile  drain-  and  discharges  it 
by  suitable  pumps  into  existing  irrigation  canals.  In  both  instances 
the  lowering  of  the  soil  water  is  to  be  accomplished  by  parallel  drains, 
one-half  mile  apart  and  from  5  to  8  feet  deep.    In  the  former  plan 
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land  will  be  taken  up  by  open  ditches,  and  they  must  be  crossed  b}T 
irrigation  canals,  public  and  private  roads,  and  railroads,  and  provision 
must  be  made  for  constant  repairs  and  cleaning.  In  the  latter  plan 
no  land  need  be  provided  nor  bridges  built  and  maintained,  but  ample 
provision  must  be  made  for  scouring  the  drains  and  for  operating  the 
pumps.  This  expense,  where  several  subdistricts  are  operated  under 
one  management,  may  be  placed  at  25  cents  per  acre  annually.  In 
Plan  No.  1  the  work  should  be  organized  and  executed  as  a  unit  and 
possesses  the  advantage  that  each  drain  ma}^  be  extended  farther  east 
and  be  made  available  for  an  extension  of  territory  at  any  time  the 
people  may  so  desire.  In  Plan  No.- 2  as  many  subdistricts  maybe 
formed  into  one  district  as  desired  and  the  work  of  each  subdistrict  be 
complete  in  itself.  The  difference  in  the  cost  of  the  work  under  the 
two  plans  as  estimated  is  not  enough  to  enter  seriously  into  the  dis- 
cussion of  the  plans,  but  as  far  as  cheapness  is  concerned  the  chances 
are  in  favor  of  the  second. 

EFFICIENCY. 

There  seems  to  be  no  evidence  to  show  that  either  open  or  closed 
drains  will  fail  to  lower  the  water  in  seeped  soils.  Experience  in 
Colorado  with  both  kinds  of  drains  is  satisfactory  in  that  respect. 
Observations  upon  the  water  line,  made  in  March,  1903,  for  a  distance 
of  3.5  miles  along  Fruit  avenue  indicate  that  the  rise  is  mainly  uniform 
at  different  points  and  that,  while  these  points  do  not  form  a  straight 
line,  they  readily  show  that,  if  drains  were  placed  at  the  one-half-mile 
lines  as  directed  in  the  plans  described,  the  water  line  would  lower 
between  them  with  as  great  uniformity  as  it  now  rises  when  there  is 
no  drainage.  It  may  be  said  regarding  the  open-drain  system  that 
the  ditches  are  made  large,  not  because  it  is  expected  that  the  drainage 
to  be  provided  for  will  require  their  full  capacity,  but  for  reasons  of 
construction  and  maintenance.  They  can  not  be  kept  open  unless  the}' 
have  sufficient  bottom  width  to  permit  workmen  to  clean  them  readily, 
and  further,  ample  bottom  width  will  give  room  for  some  temporary 
obstructions  caused  by  crumbling  sides,  without  wholly  obstructing 
the  ditches.  For  this  reason  there  will  be  but  slight  risk  of  over- 
charging the  ditches.  The  capacity  of  the  tile  system  will  be  limited 
to  the  amount  of  drainage  which  it  is  computed  to  carry,  which  is,  as 
before  stated,  2.5  cubic  feet  per  second  for  each  square  mile. 

The  data  secured  in  1902  from  which  this  amount  of  drainage  was 
determined  were  meager  and  unsatisfactory  in  character.  Investiga- 
tions were  continued  during  the  season  of  1003.  For  the  purpose  of 
securing  more  reliable  knowledge  of  the  quantity  of  water  that  should 
be  removed  from  the  soil  in  order  to  prevent  the  water  table  or  plane 
of  free  water  from  rising  nearer  than  5  feet  to  the  surface,  small  wells 
were  sunk  about  S  feet  dee})  on  Fruit  avenue,  beginning1  at  Church 
avenue  and  continuing  south  at  intervals  of  one-half  mile  for  a  total 
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distance  of  3  miles.  This  line  of  wells,  seven  in  number,  crossed  four 
distributing  canals,  so  that  the  water  line  as  determined  by  consecutive 
measurements  made  from  the  tops  of  the  several  well  boxes  would 
represent  similar  conditions  in  other  parts  of  the  district.  Levels 
were  taken  to  determine  the  elevations  of  the  surface  and  of  the  tops 


Fig.  L — Profile  of  ground  water,  Fresno.  Cal. 

of  the  well  boxes,  so  that  a  proper  representative  profile  could  be 
made.  Measurements  of  the  height  of  free  water  in  the  wells  were 
made  weekly,  except  during  the  first  month,  beginning  with  February 
28  and  ending  with  June  30.  These,  when  platted  for  the  monthly 
variation  (fig.  1),  show  the  total  rise  for  each  month,  and,  when  tabu- 
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lated,  show  the  weekly  fluctuations  of  the  ground  water,  both  of  which 
particulars  are  useful  in  determining  the  quantity  of  water  that  should 
be  removed  each  day  in  order  to  maintain  its  proper  level  in  the  soil. 
These  measurements  show  several  significant  facts,  among  which  may 
be  enumerated: 

(1)  On  February  28.  the  time  at  which  the  tirst  measurement  was 
taken,  the  water  was  4  feet  from  the  surface  at  the  north  end  and  6  feet 
from  the  surface  at  the  south  end.  a  line  connecting  the  water  heights 
in  the  several  wells  being  reasonably  uniform. 

(2)  The  canals  crossed  by  the  line  of  wells  did  not  appear  to  affect 
the  general  uniformity  of  the  ground  water  line. 

(3)  The  average  rise  of  water  from  February  28  to  March  30  was  0.5 
inch  per  day.  the  maximum  average  daily  rise  in  any  one  well  being  0.6 
inch. 

(4)  The  greatest  average  daily  rise  for  any  week  between  March  30 
and  April  25  in  any  one  well  was  0.5  inch,  and  between  April  25  and 
May  23  the  greatest  average  daily  rise  for  one  week  was  0.3S  inch. 

(5)  From  May  23  to  June  27  the  water  line  fluctuated  within  narrow 
limits,  remaining  from  24  to  36  inches  from  the  surface. 

( 6)  The  greatest  rise  of  water  during  the  season  after  February  28 
was  40  inches,  and  the  water  line  rose  to  within  24  inches  of  the 
surface. 

The  question  of  how  much  water  must  be  removed  from  the  soil 
daily  in  order  to  maintain  the  free  water  of  the  soil  at  the  depth  at 
which  it  was  when  the  first  measurement  was  made  will  depend  upon 
the  interspace  between  the  soil  particles  and  the  quantity  of  capillary 
water  which  should  be  retained  to  furnish  the  proper  moisture.  The 
interspace  of  volcanic  ash  soils,  as  determined  during  the  past  year  by 
the  California  Experiment  Station,  is  55  per  cent  of  their  volume, 
hygroscopic  water  being  found  to  occupy  11  per  cent  of  the  total 
volume.  The  precise  volume  of  space  required  for  capillary  water 
has  not  been  accurately  determined  for  these  soils,  but  may  safely  be 
taken  at  25  per  cent.  This  would  leave  the  space  occupied  by  free 
water  at  30  per  cent  of  the  entire  volume  of  the  soil,  so  that  1  inch  of 
rise  in  the  water  line  represents  0.3  inch  of  water  more  than  is  required 
to  furnish  the  desired  amount  of  moisture. 

The  drainage  required  for  the  soil  along  the  line  of  the  seven  wells 
before  described,  as  deduced  from  the  measurements  made,  may  be 
stated  as  follows; 

The  daily  rise  of  ground  water  between  February  28  and  March  30. 
3<>  days,  was  0.5  inch,  the  daily  drainage  required.  0.15  inch. 

March  30  to  April  25,  26  days,  average  daily  rise  of  0.28  inch,  daily 
drainage  required,  0.08  inch. 

April  25  to  May  23.  28  days,  average  daily  rise  of  0.08  inch,  daily 
drainage  required.  0.02  inch. 
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From  May  25  to  June  20  the  total  variations  in  the  wells  showed  a 
fall  of  the  water-line  except  in  one  instance. 

In  the  plans  for  drainage  submitted  in  Circular  Xo.  50,  issued  in 
May,  1903,  by  the  Office  of  Experiment  Stations  and  the  California 
Experiment  Station,  the  main  drains  were  proportioned  to  carry  2.5 
cubic  feet  of  water  per  second  for  each  square  mile,  or  0.093  inch  in 
depth  of  water  in  21  hours.  Considering  the  averages  of  rise  of  water 
line  as  shown  by  the  measurements,  the  drainage  provided  will  fall 
short  0.06  inch  per  day  of  removing  the  full  amount  of  water  for  the 
first  month.  For  the  second  month  the  drainage  would  gain  0.01  inch 
per  day.  and  for  the  third  month  the  drainage  would  gain  0.07  inch 
per  day.  At  the  end  of  the  third  month,  drainage  having  continued, 
the  water  table  would  occupy  the  original  position,  provided  there  was 
sufficient  free  passage  of  water  in  the  soil,  either  by  natural  or  arti- 
ficial means,  to  permit  it  to  reach  the  main  drainage.  After  the  month 
of  May  the  quantity  of  drainage  will  be  slight,  though  it  is  reasonable 
to  infer  that  it  will  be  considerably  greater  than  is  indicated  by  the 
measurements,  since,  if  the  soil  water  is  maintained  at  a  low  level,  a 
greater  quantity  of  water  will  be  used  in  irrigation  and  the  supply  for 
the  drains  will  be  more  constant. 

These  measurements  show  that  the  water  of  the  soil  brought  to  it 
by  either  seepage  or  direct  irrigation  distributes  itself  quite  evenly,  but 
accumulates  more  rapidly  in  lower  levels  under  conditions  now  prevail- 
ing. If.  however,  drains  should  be  disposed  uniformly  through  the 
land,  this  would  not  be  the  case,  but  each  drain  would  receive  an 
approximately  equal  share  of  drainage.  However,  drains  at  the  foot 
of  a  slope,  such  as  we  have  in  the  position  of  well  Xo.  1  in  the  profile, 
would  be  called  upon  to  carry  a  greater  amount  of  water  than  others 
more  distant  from  the  slope.  It  is  probable  that  soil  water  is  deflected 
by  layers  of  hardpan.  which  will  cause  its  concentration  in  some  locali- 
ties, so  that  the  drains  will  not  be  taxed  uniformly.  Drainage  will  be 
more  urgently  needed  during  the  months  of  March.  April,  and  May 
than  during  any  other  part  of  the  year.  It  does  not  seem  probable 
that  much  drainage  will  be  required  after  the  middle  of  June. 

The  bearing  which  these  deductions  have  upon  the  utility  of  the 
drainage  plan  proposed  is  important.  The  capacity  of  the  drain  tile 
designated  for  mains  on  the  half-mile  lines  will  be  slightly  overtaxed 
during  the  first  month  and  a  half  of  the  season,  but  the  approximate 
rise  of  6  inches  in  the  water  line  will  not  be  sufficient  to  bring  it  nearer 
to  the  surface  than  5  feet,  while  during  the  remainder  of  the  season 
the  capacity  of  the  drains  will  be  ample. 

The  manner  of  disposing  of  the  water  collected  by  the  main  drains 
that  would  first  suggest  itself  would  be  to  continue  the  lines  of  tile  due 
west,  diminishing  their  grade  after  they  pas-  the  west  line  of  the  pro- 
posed district  until  the  drains  could  be  discharged  on  the  surface  of  the 
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plain.  This  would  require  a  length  of  11  miles  for  some  of  the  drains. 
The  drains  elaborated  in  the  plan  do  not9  as  a  rule,  exceed  2^  miles  in 
length,  and  the  largest  pipes  are  20  and  22  inches  in  diameter,  the 
smallest  being  8  inches  in  diameter.  Since  these  will  be  somewhat 
overtaxed  during  the  early  part  of  the  season  through  removing  a  suf- 
ficient quantity,  as  nearly  as  can  be  estimated,  to  accomplish  satisfac- 
tory drainage,  any  plan  of  extending  the  drains  to  a  length  three  or 
more  times  that  indicated  would,  if  carried  out,  be  attended  with  dis- 
appointing results,  unless  the  sizes  should  be  proportionately  increased. 
It  will  not  be  practicable  to  use  pipes  larger  than  20  inches  in  diame- 
ter in  this  locality  on  account  of  their  cost.  The  effect  of  extending 
pipe  drains  beyond  the  limits  of  their  capacity  is  to  drain  the  land  at 
the  head  of  the  system  at  the  expense  of  the  lower — to  concentrate 
water  at  points  where  the  drains  are  of  insufficient  capacity,  which  for 
lack  of  outlets  will  be  forced  into  the  soil  and  saturate  it,  thus  defeat- 
ing the  object  for  which  the  drains  were  constructed.  The  drains 
should  not  flow  under  pressure  for  the  reason  that  the  soil  and  drains 
should  at  all  times  be  in  a  condition  to  receive  surplus  water. 

Such  facts  as  could  be  gathered  relating  to  this  phase  of  the  prob- 
lem received  careful  consideration  at  the  time  the  plans  for  the  drain- 
age of  the  Fresno  district  were  formed.  The  further  investigations 
herein  described,  made  to  determine  with  greater  accuracy  the  quantity 
of  drainage  water  that  should  be  removed,  clearly  show  that,  if  tiles 
are  to  be  used  for  the  main  drains,  the  lines  can  not  be  safely  made 
longer  than  shown  on  the  plans.  The  drains  must  either  discharge 
into  sumps  and  the  water  be  pumped  into  the  canals  or  shallow  surface 
ditches,  or  into  deep  open  ditches  constructed  for  the  purpose. 

The  readiness  with  which  soil  water  distributes  itself  and  maintains 
its  level  in  the  Fresno  soil,  as  shown  by  the  investigations  herein 
described,  indicates  that,  if  the  land  is  kept  in  a  drained  condition  at  the 
depth  proposed,  much  of  the  alkali  now  concentrated  near  the  surface 
may  be  redistributed  throughout  the  soil  above  the  drains  as  well  as 
removed  by  drainage  water. 

USE  OF  DRAINAGE  WATER. 

The  water  which  will  be  developed  by  any  drainage  system  may  be 
used  for  irrigation,  whether  delivered  to  a  ditch  provided  especially 
for  the  purpose  or  mingled  with  the  water  in  the  irrigation  canals. 
From  the  information  thus  far  obtained  it  is  believed  that  in  this 
region  such  water  may  be  safely  used  for  irrigation. 

DRAINAGE  OF  SMALL  TRACTS. 

By  using  the  tile-drain  plan  owners  of  one  or  more  farms  can  put 
in  a  system  of  drains  adapted  to  their  special  needs.  It  may  not  be 
possible  to  obtain  the  cooperation  of  a  large  number  of  owners  so  as 
to  prosecute  the  work  in  a  comprehensive  wa}^  in  accordance  with  the 
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provisions  of  the  drainage  law  enacted  in  1903.  Failing  to  effect  an 
organization  under  the  law,  there  is  nothing  to  prevent  such  owners 
as  may  be  able  to  unite  from  draining  their  lands  on  the  same  general 
plan.  In  many  instances  the  expense  will  be  no  greater  to  each  owner 
than  if  a  large  district  were  organized  and  operated.  If  the  work  can 
be  arranged  for  by  the  mutual  agreement  of  three  or  four  owners,  all 
legal  expense  can  be  avoided. 

A  point  of  outlet  convenient  to  one  of  the  supply  ditches  should  be 
chosen.  A  receiving  sump  or  pit  8  by  8  feet  and  about  9  feet  deep 
should  be  made,  curbed  with  2-inch  plank  set  vertically  and  held  in 
place  by  four  rows  of  1  b}r  1  inch  ribs  set  around  the  pit  on  the  inside. 
A  main  drain  can  be  laid  from  the  pit  through  the  field  in  such  a  way 
as  to  reach  the  land  it  is  desired  to  drain.  If  the  location  of  this  drain 
can  be  chosen  25  feet  from  vines  or  trees  the  liability  of  the  drains  to 
become  clogged  by  roots  will  be  greatly  lessened.  The  addition  of 
manholes  and  provision  for  cleaning  the  drain  as  previously  suggested 
should  not  be  neglected  in  any  farm  system.  A  small  gas  engine  and 
pump,  the  required  capacity  of  which  will  depend  upon  the  area 
included  in  the  tract,  should  be  used  to  lift  the  water  from  the  sump 
to  the  surface  ditch. 

A  main  drain  8  inches  in  diameter  will  afford  an  outlet  for  80  or 
possibly  100  acres.  It  is  quite  probable,  however,  that  water  from 
outside  the  limits  of  the  tract  provided  for  will  increase  the  supply  by 
an  amount  which  can  not  be  determined  in  advance.  The  estimated 
quantity  of  drainage  from  100  acres  is  210  gallons  per  minute.  The 
design  of  any  farm  system  must  be  adapted  to  the  particular  tract  for 
which  drainage  is  to  be  provided,  taken  in  connection  with  its  sur- 
roundings, in  order  to  be  economical  and  effective. 

SUMMARY. 

The  system  of  small  districts  using  drain  tile  as  outlets  and  pumping 
plants  to  raise  drainage  water  into  the  canals  seems  best  suited  to  the 
conditions  which  prevail.  It  is  adapted  to  any  work  desired,  an  ill 
require  no  sacrifice  of  land,  cause  no  inconvenience  to  travel  or  in  the 
cultivation  of  fields,  and  will  not  disfigure  the  highly  cultivated  land. 
These  features  commend  it  for  an  area  of  land  divided  as  this  is  into 
small  holdings,  all  of  which  are  capable  of  producing  crops  of  high 
value.  The  drainage  of  these  lands  is  practicable,  though  not  without 
difficulties.  The  value  of  the  product  of  the  land,  together  with  its 
desirability  for  homes,  makes  such  improvement  well  worth  its  cost. 
The  land  which  has  suffered  greatest  injury  is  that  which  is  regarded 
most  highly  for  the  cultivation  of  vines.  The  fertility  of  the  soil  is 
unquestioned.  The  use  of  expensive  fertilizers  will  not  be  required. 
No  serious  disadvantage  attends  the  cultivation  of  this  vineyard  soil 
except  its  lack  of  drainage.    While  this  difficulty  was  unlooked  for 
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when  the  land  was  first  improved  it  is  not  one  which  may  not  be" 
overcome,  nor  will  the  expense  for  the  necessary  work  be  greater  than 
has  been  incurred  for  similar  improvements  elsewhere  on  land  much 
less  valuable  which  is  now  considered  by  the  owners  a  most  profitable 
and  satisfactory  investment. 

DRAINAGE  INVESTIGATIONS  NEAR  STJNNYSIDE,  WASH. 

The  Sunnyside  district  is  a  portion  of  the  Yakima  Valley  situated 
about  35  miles  down  the  river  from  the  town  of  North  Yakima.  It 
receives  its  water  from  the  Sunnyside  Canal,  which  is  owned  and  con- 
trolled by  the  Washington  Irrigation  Company.  The  town  of  Sunny- 
side is  the  center  of  this  district  and  is  situated  at  the  southern 
extremity  of  Snipes  Mountain,  about  S  miles  from  Mabton,  a  station 
on  the  Northern  Pacific  Railroad  and  on  the  opposite  side  of  the  river 
from  it. 

GENERAL  DESCRIPTION. 

The  surface  of  much  of  the  land  under  the  Sunnyside  Canal  is  roll- 
ing or  uneven,  abounding  in  quite  steep  slopes  and  correspondingly 
small  valleys  after  it  has  been  prepared  for  the  application  of  water. 
The  soil  is  a  sandy  volcanic  ash.  easily  moved  by  wind  when  dry,  and 
difficult  to  seed,  requiring  an  abundance  of  water  and  no  little  skill  in 
handling  it  in  order  to  secure  good  results. 

The  abundance  of  the  water  supply  and  the  apparent  necessity  for 
its  liberal  use  have  greatly  hastened  the  filling  up  of  the  soil  with  sur- 
plus water.  Wells  in  which  the  water  four  years  ago  stood  at  40  feet 
below  the  surface  are  now  filled  to  within  10  feet  of  the  surface,  show- 
ing that  the  rise  has  been  rapid,  exceeding  the  rate  usually  found  in 
irrigated  lands. 

Many  of  the  irrigated  slopes  have  a  surface  descent  of  100  feet  or 
more  per  mile.  All  irrigation  is  applied  in  furrows  2  to  4  feet  apart 
and  not  infrequently  SO  rods  or  more  in  length.  Where  the  land  is 
not  graded  to  a  uniform  slope,  that  having  the  lesser  descent  receives 
an  excess  of  water  before  the  steeper  slopes  are  properly  watered. 
This  condition  of  surface  and  method  of  irrigating  require  waste  ditches 
at  the  lower  end  of  the  fields,  or  in  case  none  is  provided,  ample 
capacity  must  exist  in  the  soil  of  the  lower  lands  for  the  reception  of 
surplus  water. 

The  tract  of  land  toward  which  special  attention  was  directed  is 
shown  upon  the  accompanying  map  (PI.  II).  which  must  be  referred 
to  if  a  clear  understanding  of  the  situation  is  desired.  The  elevation 
figures  there  recorded  and  the  arrows  used  to  indicate  the  direction  of 
the  slope  show  that  the  tract  mapped  is  a  basin,  and  most  of  it  is  under 
cultivation.  The  lower  portions  are  wet.  and  in  many  localities  alkali 
has  accumulated  to  an  injurious  extent.    From  some  of  the  slopes 
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water  oozes  continually,  furnishing  a  constant  supply  to  the  waste 
ditches  which  have  been  made  through  some  of  the  lower  lands  and  at 
the  same  time  adding  to  the  supply  of  surface  alkali  which  either 
whitens  the  ground  or  in  some  instances  makes  it  black  and  barren. 
This  saturated  condition  is  not  confined  to  the  lower  end,  but  appears 
at  the  edges  of  the  slopes  and,  according  to  the  best  information  at 
hand,  has  forced  itself  upon  the  attention  of  the  owners  of  land  onty 
within  the  last  two  years. 

CAUSES  OF  SATURATION. 

The  accumulation  of  surface  water  in  irrigated  lands  may  result 
from  two  causes.  .The  water  may  seep  from  the  supply  canals  and 
find  its  way  into  the  lower  levels  in  varying  quantities,  or  may  come 
from  the  water  used  in  irrigation,  which,  when  applied  in  too  copious 
quantities,  passes  to  a  lower  level  and  saturates  the  soil.  Both  causes 
may  in  some  instances  contribute  to  the  evil. 

For  the  purpose  of  determining  as  far  as  possible  the  position  of 
the  ground  water,  its  fluctuation  in  level,  and  its  source,  20  test  wells 
were  sunk  to  the  water  line  at  selected  points  and  measurements  were 
taken  weekly  during  the  season.  Several  of  these  wells  were  placed 
upon  the  outer  border  of  the  land  affected  to  determine  whether  the 
water  came  through  the  soil  from  the  canal  or  from  irrigation  direct. 
Their  locations  are  shown  upon  the  map  (PI.  II)  by  heavy  black  dots. 
For  convenience  the  curbs  or  boxes  used  for  the  wells  were  made  of 
boards  1  inch  thick,  6  inches  wide,  and  6  feet  long.  When  put  together 
each  had  a  sectional  area  by  6  inches.  At  some  points  where  the 
wells  were  located  the  soil  was  in  such  a  semifluid  condition  that  holes 
could  not  be  made  with  the  shovel  to  receive  the  full  length  of  the 
curb.  The  wells  were,  as  a  rule,  placed  at  the  foot  of  slopes  or  at 
the  upper  borders  of  strips  of  land  which  showed  the  effects  of  satura- 
tion when  the  wells  were  located.  The  measurements  taken  during 
the  season  beginning  with  May  16,  1903,  have  been  platted  and  the 
following  conclusions  are  deduced: 

(1)  The  land  in  which  the  water  table  is  3  feet  or  less  from  the  sur- 
face is  seriously  injured  by  water  or  alkali,  or  both. 

(2)  Land  in  which  the  water  table  is  tt.5  feet  below  the  surface  shows 
no  serious  injury. 

(3)  When  no  irrigation  water  was  applied  in  the  fields  where  the 
wells  were  located  the  water  table  dropped  at  the  rate  of  0.5  inch  to 
1  inch  per  day  until  the  adjoining  fields  were  irrigated,  when  the  water 
table  rose  at  the  rate  of  from  13  to  19  inches  in  3  days. 

(1)  A  close  study  of  the  fluctuations  of  the  water  levels  in  the  wells 
shows  that  on  the  east  side  of  the  tract  they  are  due  to  local  causes; 
that  is,  to  irrigation  practiced  in  the  vicinity  of  the  wells.  On  the 
west  side  the  underground  supply  is  more  constant.    The  seepage 
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from  land  on  the  west  and  northwest  contributes  a  larger  and  more 
equal  flow  by  reason  of  the  more  extended  area  which  slopes  toward 
the  central  channel.  The  facts  which  the  series  of  wells  and  their 
measurements  establish  for  this  locality  are  these:  The  quantity  of 
surplus  water  finding  its  way  into  the  lower  levels  at  any  one  time 
depends  upon  the  amount  of  waste  from  more  elevated  irrigated  lands. 
The  regularity  of  drainage  flow  from  any  locality  varies  with  the  area 
of  land  which  slopes  toward  it.  The  rapidity  of  rise  and  fall  of 
ground  water  in  any  locality  requiring  drainage  depends  upon  the 
steepness  of  the  surface  slopes  and,  in  some  cases,  upon  the  position  of 
the  hardpan. 

(5)  Xo  water  could  be  detected  coming  from  the  supply  canal,  as 
the  water  in  the  wells  located  on  the  east  border  of  the  tract  con- 
stantly declined  except  when  land  situated  upon  higher  levels  was 
irrigated. 

In  one  instance,  in  the  case  of  land  of  H.  B.  Stewart,  the  continual 
steady  rise  of  water,  2.5  inches  per  week,  gave  reason  to  suppose  that 
the  £4,S"  lateral,  which  practically  encircles  this  land  and  is  located  on 
the  ridge  above  it,  contributed  to  the  saturation  by  leakage,  but 
measurements  of  the  flow  of  the  lateral  showed  no  losses.  All  inves- 
tigations so  far  indicate  that  the  excess  of  water  comes  from  irrigation. 
A  casual  observation  of  some  of  the  fields  which  were  undergoing 
irrigation  strengthens  this  opinion. 

A  rough  measurement  of  water  wasting  from  a  25-acre  field  of  alfalfa 
nearly  grown  showed  that  0.25  cubic  foot  per  second  was  running 
away  in  the  waste  ditch  below  the  field  (PI.  Ill,  fig.  1).  Another 
strip  of  land  80  rods  long  and  8  rods  wide,  containing  about  -i  acres, 
gave  a  surface  run-off  of  0.15  cubic  foot  per  second.  The  waste 
and  drainage  ditch  passing  south  along  the  road  by  land  of  C.  H. 
Stanton,  when  measured  May  18,  was  discharging  8.38  cubic  feet  per 
second.  This  included  waste,  drainage,  and  overflow  which  at  that 
time  found  its  way  to  that  point  from  the  tract  of  land  shown  upon 
the  map. 

It  is  fair  to  conclude  that  as  much  water  flows  away  from  the  tract 
under  consideration  as  is  necessary  for  the  proper  irrigation  thereof; 
that  is,  half  of  the  water  applied  runs  away  as  waste.  This  excess  has 
water-logged  the  lower  lands  and  produced  the  condition  in  which 
they  are  now  found. 

Another  cause  which  produced  an  immediate  effect,  and  completed 
the  rilling  up  of  a  portion  of  the  soil  at  least,  was  the  water  thrown 
upon  the  land  by  the  breaking  of  the  main  canal  at  the  north  end  of  the 
tract.  It  is  stated  that  at  other  times  waste  from  the  main  canal  has 
been  allowed  to  accumulate  on  the  northwest  quarter  of  sec.  29.  All 
of  these  causes  have  had  something  to  do  in  producing  the  evil  which 
is  now  forced  upon  our  attention. 
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Fig.  1  .—Waste  Water  from  a  25-acre  Irrigated  Field,  Sunnyside,  Wash. 


Fig.  2.— Swamp  and  Alkali  Land,  Burlington,  Wyo. 
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HARDPAN. 

The  fact  that  hardpan  exists  in  some  localities  and  has  something  to 
do  with  the  direction  and  distribution  of  water  in  the  soil  should  not 
be  overlooked.  It  is  often  found  2  feet  below  the  surface  and  then 
again  at  4  feet.  When  it  is  dry  it  is  hard,  but  softens  by  saturation, 
so  that  in  wet  soils  it  gives  but  little  trouble.  It  is  not  persistent,  but 
occurs  at  irregular  intervals  in  the  ground.  In  composition  it  contains 
the  same  elements  as  soil,  but  the  soluble  solids  form  a  larger  per- 
centage than  they  do  in  ordinary  soil.  The  following  analyses  show 
the  difference  between  it  and  a  sample  of  soil  taken  at  the  same  depth: 

Comparative  analyses  of  hardpan  and  soil. 
Composition. 


Hardpan. 

Soil. 

Per  cent. 

Per  cent. 

0.  737 

0.323 

.160 

.095 

.072 

.067 

.029 

.033 

.228 

.059 

.236 

.069 

Total  soluble  solids  

Calcium  sulphate  (gypsum)  

Magnesium  sulphate  (Epsom  salt) 
Sodium  carbonate  (black  alkali)  . 
Sodium  chlorid  (common  salt)  ... 
Sodium  sulphate  (Glauber's  salt)  . 


It  may  be  safely  inferred  that  as  this  hardpan  dissolves  in  water  it 
will  add  to  the  alkali  content  of  the  soil,  especially  in  sodium  sulphate 
or  white  alkali.  The  percentage  of  sodium  carbonate  or  black  alkali 
is  less  in  the  hardpan  than  it  is  in  the  soil.  When  it  has  been  exposed 
to  the  weather  a  short  time  it  is  resolved  into  a  substance  which  resem- 
bles volcanic  ash.  It  is  probable  that  hardpan  deflects  the  water  as  it 
passes  through  the  soil  and  prevents  it  for  the  time  being  from  getting 
down  into  the  subsoil.  It  should  be  observed,  however,  that  water  is 
usually  found  below  as  well  as  above  this  layer  in  wet  lands. 

ALKALI. 

The  appearance  of  alkali  which  so  commonly  accompanies  saturation 
in  irrigated  soils  is  quite  prominent  in  portions  of  the  land  owned  by 
S.  H.  Miller,  J.  M.  Rhodes,  and  H.  B.  Stewart.  Samples  of  alkali 
and  soil  taken  from  the  farm  of  J.  M.  Rhodes  were  sent  to  the  State 
experiment  station  at  Pullman  for  analysis.  They  fairly  represent 
the  soil  which  is  badly  injured  by  saturation  and  consequent  deposits 
of  alkali  which  are  found  upon  the  surface. 

Description  of  samples. 

[No.  2.  Black  alkali  crust  from  surface.   Xo.  3.  White  alkali  crystals  from  surface.    Xo.  4.  First  foot 
of  saturated  soil.    Xo.  5.  Second  foot  of  saturated  soil.    Xo.  6.  Third  foot  of  saturated  soil.] 


Composition. 

Xo.  2. 

Xo.  3. 

Xo.  4'. 

Xo.  5. 

Xo.  6. 

Total  soluble  solids  

Per  cent. 
14.164 

Per  cent. 
68. 472 

Per  cent. 
0.306 

Per  cent. 
0.323 

Per  cent. 
0. 329 

Calcium  sulphate  (gypsum)  

Magnesium  sulphate  (Epsom  salt)  

Sodium  carbonate  (black  alkali)  

Sodium  chlorid  (common  salt)   

Sodium  sulphate  (Glauber's  salt)  

7. 105 
1.968 
.128 
1.567 
3. 614 

2.  601 
5. 200 
.525 
2.172 
61. 050 

.100 
Trace. 
.025 
.037 
.144 

.095 
.067 
.033 
.059 
.069 

.  055 
.066 
.028 
.067 
.113 
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These  analyses  show  a  more  favorable  condition  of  soil  with  respect 
to  the  alkali  contents  than  its  appearance  would  lead  one  to  expect. 
The  black  coating*  found  upon  the  soil  contains  much  less  carbonate 
than  the  white,  the  gypsum  and  Glauber's  salt  being  more  prominent 
than  the  others.  Sample  No.  3,  which  is  found  upon  the  soil  in 
abundant  white  crystals,  is  largely  the  sodium  sulphate,  or  Glauber's 
salt.  There  is  also  a  good  percentage  of  common  salt,  but  the  sodium 
carbonate  forms  only  0.5  per  cent — a  comparatively  small  proportion. 

Samples  4,  5,  and  6  show  that,  aside  from  the  surface  crusts,  the 
soil  does  not  contain  enough  salts  to  prove  injurious  except  when  they 
are  allowed  to  accumulate  near  the  surface.  They  are  present  in  both 
the  soil  and  hardpan  and  are  readily  dissolved  by  cold  water.  If  this 
water  is  permitted  to  come  sufficiently  near  the  surface  to  evaporate 
the  salt  is  deposited  at  the  surface  as  evaporation  takes  place.  This 
occurring  frequently  during  the  season  forms  a  concentrated  crust  of 
alkali,  which  does  the  injury.  Any  covering  that  will  lessen  the 
evaporation  will  retard  the  concentration  of  the  alkali.  Lowering  the 
soil  water  by  drainage  will  prevent  future  trouble  from  alkali  and 
from  winterkilling  of  alfalfa  and  grasses. 

DRAINAGE  AND  ITS  METHODS. 

Accumulation  of  water  is  caused  by  waste  from  irrigated  lands  which 
slope  toward  lower  tracts,  which  become  receptacles  for  the  waste,  and 
are  injured  as  before  described.  There  is  no  doubt  that  the  waste 
will  be  much  lessened  as  more  careful  methods  of  irrigation  come  into 
use.  The  surface  run-off  may  and  will  in  the  future  be  largely 
decreased.  Owing  to  the  steep  slopes  of  the  land,  however,  there  will 
be  more  or  less  seepage  from  irrigated  land,  which  will  appear  in 
injurious  quantities  at  the  foot  of  the  slopes,  and  must  be  provided  for 
by  artificial  drainage.  Under  present  practice  no  less  than  one-half  of 
the  water  used  on  the  tract  under  consideration  passes  off  as  waste. 
There  are  times  when  7  cubic  feet  per  second  is  discharged  as  waste 
and  must  be  provided  for  b}T  drainage.  This  may  not  be  an  average 
flow,  as  the  amount  at  any  one  time  depends  upon  the  number  of  acres 
receiving  irrigation  as  well  as  upon  the  character  of  the  land  irrigated. 
Some  adequate  waste  channel  will  be  necessary  to  receive  the  surplus 
water  and  also  some  further  side  drainage. 

The  course  of  the  main  drainage,  as  determined  by  the  topograph}7 
of  the  tract,  is  shown  upon  the  map,  and  the  depth  and  grade  of  the 
proposed  drains  are  indicated  upon  the  profiles  which  were  furnished 
to  the  owners.  These  drains  should  be  open,  and  are  so  located  that 
all  surface  water  from  individual  farms  can  be  conducted  to  them. 
They  will  serve  also  as  outlets  for  such  lateral  drainage  as  will  here- 
after be  mentioned.    The  main  drain  and  the  line  called  the  ' 4  Stewart 
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branch"  will  constitute  the  general  drains  and  will  be  of  use  to  the 
entire  tract,  in  view  of  which  their  cost  should  be  equitably  distributed. 

Ditches  are  difficult  to  maintain  in  this  kind  of  soil,  because  it  pos- 
sesses little  clay  and  saturates  easily,  in  which  condition  it  crumbles  so 
readily  that  the  efficiency  of  a  ditch  with  narrow  bottom  and  light 
grade  is  soon  impaired.  The  ditches  as  laid  out  have  a  minimum 
grade  of  2  inches  to  100  feet.  Their  depths  vary  between  1  and  7  feet. 
Their  bottom  widths  should  be  not  less  than  3  feet,  for  two  reasons: 
(1)  They  will  not  fill  with  sediment  as  quickly  as  those  with  bottoms 
of  less  width,  because  the  running  stream  does  not  scour  the  sides  of 
the  trench  as  it  does  in  narrow  ditches  carrying*  an  equal  quantity  of 
water:  (2)  it  is  desirable  that  water  should  not  flow  more  than  1  foot 
deep  in  the  ditches  under  usual  conditions,  in  order  that  the  line  of 
saturation  may  not  be  held  too  high  in  the  soil. 

If  the  excavating  is  done  hy  hand  labor  the  side  slope  ma}T  be  as 
steep  as  one-half  to  1  or  6  inches  horizontal  to  1  foot  vertical.  If 
team  work  is  used,  it  is  impracticable  to  make  the  slope  steeper  than 
li  to 1.  The  ditch  from  the  point  where  the  Stewart  branch  joins  to 
the  outlet  should  have  a  bottom  width  of  -1  feet  and  side  slopes  of  1  to 
1.  With  these  widths,  water  will  not  flow  more  than  12  inches  deep 
during  the  irrigating  season.  This  is  a  winter  storm-water  ditch  for 
3,000  acres  as  well  as  one  for  summer  drainage  of  the  tract  described. 

Estimating  the  cost  on  a  basis  of  20  cents  per  cubic  }Tard  for  the 
ditches  having  a  bottom  width  of  3  feet  and  side  slopes  of  one-half  to 
1,  and  12  cents  per  cubic  yard  for  the  ditch  having  a  bottom  width  of 
4  feet,  allowing  for  excavation  alread\^  done,  the  cost  of  this  part  of 
the  work  will  be  $2,789.  Ten  per  cent  should  be  added  for  contingen- 
cies, making  the  amount  $3,068.  There  may  be  other  expenses,  such 
as  for  rights  of  way  where  the  ditches  infringe  upon  public  high- 
ways, so  it  will  be  wise  to  place  the  total  estimate  at  $3,500.  Legal 
expenses  in  carrying  out  projects  in  accordance  with  the  provisions  of 
the  State  drainage  law  become  burdensome  in  some  cases,  but  they 
are  often  unavoidable.  Such  expenses  can  not  be  estimated  with 
any  certainty. 

DISPOSAL  OF  WATER. 

The  water  gathered  by  the  system  may  be  discharged  into  the 
present  irrigating  and  waste  ditch  at  a  point  near  where  it  crosses  the 
line  between  the  lands  of  Stanton  and  Hotchkiss.  If  the  ditch  should 
be  enlarged  from  this  point  south,  no  trouble  would  be  experienced 
from  its  overflow  by  reason  of  the  additional  drainage  water.  Small 
individual  waste  ditches  should  be  extended  where  necessary  from  the 
several  farms  to  the  main-drain  ditch  in  such  a  way  that  no  injury  will 
be  done  to  intervening  land. 
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PLANS  FOR  FARM  DRAINAGE. 


The  main  drains  should  be  supplemented  by  individual  underdrains 
for  the  purpose  of  cutting  off  seepage  and  preventing  saturation  of  the 
lower  slopes  of  irrigated  lands.  The  principles  involved  in  success- 
fully accomplishing  this  are  quite  simple.  With  soil  water  constantly 
passing  from  the  higher  land  into  the  lower,  even  in  small  quantities, 
but  with  a  constant  head,  the  plan  of  constructing  drains  in  land  which 
finally  receives  the  water  is  frequently  not  satisfactory.  The  practice 
which  should  be  followed  here  is  to  intercept  the  soil  water  upon  the 

slopes  by  means  of  cross  drains  and  lead 
the  water  to  the  nearest  waste  or  drain 
ditch,  thus  preventing  the  water  which 
Hows  down  the  slope  from  reaching 
the  lower  land.  Such  drains  should  be 
located  at  the  upper  edge  of  the  land 
wo/ne  oufTa — Drain  '     where  saturation  shows  and  be  con- 

Fig.  2.— Plan  for  protecting  irrigated  land    tiniied  around  01'  along  the  slope  as  far 

as  the  land  below  it  is  wet.  Where  the 
entire  20  or  40  acre  tract  is  threatened  with  water  from  the  higher 
slopes,  a  drain  across  the  upper  side  may  intercept  the  water  suffi- 
ciently to  accomplish  the  desired  results  if  the  slope  be  not  too  steep: 
otherwise,  a  second  parallel  drain  may  be  required  (tig.  2). 
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In  a  previous  paragraph  it  was  stated  that  where  the  soil  water  was 
found  4.5  feet  below  the  surface  no  deleterious  effects  upon  grow- 
ing crops  were  noticed,  but  that  at  less  depths  capillary  action  of  the 
soil  brought  too  much  mois- 
ture near  the  surface,  thereby 
producing  an  accumulation  of 
alkali.  Stagnant  soil  water  at 
a  depth  of  2  to  3  feet  had  also 
injured  the  growth  of  alfalfa 
and  other  deep-rooting  crops. 
The  depth  of  drains  through 
the  land  to  be  improved  should  be  4.5  to  5  feet  to  produce  the  desired 
effect,  but  in  passing  to  some  outlet  through  other  ground  which  is 
dry.  less  depth  may  of  course  be  used. 

Some  illustrations  accompany  this  report  showing  further  general 
methods  of  locating  the  drains.  Probably  the  most  satisfactory  drains 
for  the  purpose,  as  well  as  the  most  available  in  this  locality,  would  be 
wooden-box  drains  with  open  bottoms.  Such  drains  may  be  made  in 
sections  4  to  16  feet  long,  the  longer  ones  being  preferable  when  they 
can  be  properly  used  (fig.  3). 


{.—Section  showing  location  of  undtrdrains  t )  in- 
tercept seepage  from  an  irrigated  slope. 
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The  grade  upon  which  they  are  laid  should  not  be  sufficient  to  per- 
mit an  underwash  by  the  flowing  water  which  would  disturb  their 
position.  Where  such  grade  is  necessary,  more  crosspieces  should  be 
used  in  the  bottom.  The  earth  should  be  filled  in  the  trench  and 
thoroughly  tamped  so  that  irrigation  water  can  not  readily  find  a 
crevice  and  wash  soil  into  the  drain.  Special  care  should  be  taken  in 
this  regard  and  also  in  irrigating  the  drained  land.  Water  should 
enter  the  drains  from  the  soil  and  not  from  streams  directly  over  the 
drain. 

With  reference  to  the  details  of  this  matter  no  better  advice  can  be 
offered  than  this:  Bearing  the  general  principles  well  in  mind,  each 
farmer  should  study  his  own  situation — the  position  of  the  hardpan, 
the  differences  of  soil,  and  the  contour  of  the  land,  all  of  which  have 
an  influence  upon  the  drainage  of  each  individual  tract.  The  indica- 
tions of  seepage  water  must  be  watched  for  closely  and  headed  off  as 
early  as  possible,  for  the  history  of  this  matter  shows  that  the  evil 
will  not  of  itself  leave  the  land,  but  will  increase  rather  than  diminish. 
Better  practice  in  the  use  of  water  will  doubtless  soon  prevail,  but  the 
necessity  for  drainage  of  certain  irrigated  lands  will  always  exist,  so 
that  every  rancher  should  be  familiar  with  methods  of  drainage  as 
well  as  irrigation. 

The  State  drainage  laws  provide  a  method  by  which  work  of  this 
character  can  be  accomplished.  The  expense  of  the  main  trench 
should  be  borne  by  the  owners  of  the  entire  tract  benefited.  The 
detail  work  connected  with  the  cut-off  underdrains  and  small  surface 
waste  ditches  should  be  arranged  for  and  the  expense  shared  among  the 
parties  interested,  where  cooperative  work  is  found  advisable.  It  will 
readily  occur  to  those  who  study  these  matters  closely  that  any  effort 
and  money  expended  on  drains  constructed  for  the  protection  of  one 
piece  of  land  will  incidentally  and  necessarily  benefit  another,  so  that 
the  utmost  good  feeling  and  magnanimity  should  be  exercised  by 
adjoining  landowners  in  carrying  out  all  such  improA'ements. 

ATANUM  VALLEY,  WASHINGTON. 

The  Atanum  Valley,  that  beautiful  tract  of  land  about  two  miles 
wide,  situated  on  the  north  side  of  Atanum  Creek,  is  an  ideal  farming 
country  if  judged  by  the  surface  alone.  The  thrifty  sward  of  salt 
grass  and  patches  of  greasewood  show  that  it  is  used  for  pasture  only. 
Wire  it  not  for  the  testimony  of  old  settlers,  some  of  whom  are  quite 
reticent  upon  the  matter,  one  would  not  suspect  that  some  of  these  large 
pastures  were  once  producing  field  crops  of  unusual  size  and  excep- 
tional quality.  It  appears  that  the  deterioration  of  these  once  tractable 
and  fertile  acres  was  gradual — that  the  inroad  of  alkali  was  so  insidious 
as  to  occasion  no  alarm  until  the  owners  found  their  lands  hopelessly 
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unproductive  or  so  restricted  in  the  kind  of  crops  that  could  be  grown 
that  no  profits  could  be  realized.  This  land  receives  no  irrigation.  A 
few  small  ditches  supply  drinking  water  for  live  stock,  but  no  water 
except  the  7  or  8  inches  of  annual  rainfall  is  applied  to  the  land.  The 
soil,  however,  is  moist  within  a  few  inches  of  the  surface. 

Drainage  outlets  are  not  lacking,  for  within  the  2  miles  between 
the  bench  land  and  the  creek  there  are  two  and  in  some  parts  three 
drainage  channels  8  to  10  feet  deep  (fig.  4).  Test  borings  between 
these  channels  show  that  there  is  but  little  drainage  toward  them. 
Not  infrequently  the  surface  slopes  directly  away  from  the  bank  of  one 
toward  another.    This  is  true  of  the  land  on  the  south  side  of  Wide 


Hollow  Creek  to  such  an  extent  that  it  is  unavailable  for  a  drainage 
outlet  except  for  land  situated  on  the  north  side.  Water  is  found 
within  5  or  6  feet  of  the  surface  as  near  as  100  feet  to  these  channels. 
The  subsoil  has  no  stratification  except  that  existing  as  hardpan.  The 
channels  were  not  formed  by  the  concentration  anr]  flow  of  water 
during  the  evolution  of  the  valley,  but  by  the  water  gathered  some- 
where in  the  hills  after  its  formation,  which  found  its  way  in  large 
volumes  southeasterly  to  the  Yakima  River. 

TOPOGRAPHY  AND  GROUND-WATER  CONDITIONS. 

In  the  5  miles  of  length  thus  far  investigated  there  is  a  descent  of 
200  feet  toward  the  east.  All  the  streams  run  with  the  greatest  slope 
of  the  surface  without  defined  valleys.    As  we  pass  up  the  valley  we 
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find  three  fairly  well-defined  divisions  resulting  from  the  different 
ground-water  conditions  which  prevail.  The  first  or  lower  part  is  that 
which  is  abandoned  to  salt  grass  or  is  greatly  injured  by  alkali,  and 
which  has  received  no  systematic  irrigation  for  years.  On  the  second 
division  crops  are  raised  with  considerable  success  with  subirrigation. 
Below  this  subirrigated  belt  water  oozes  from  the  soil  and  constitutes 
the  head  supply  of  small  streams  or,  when  there  is  no  exit,  forms 
small  ponds.  The  third  or  upper  part  of  the  valley  is  irrigated  with 
water  taken  from  the  creek  at  various  points.  This  portion  of  the 
valley  is  so  well  supplied  that  some  parts  are  marshy.  It  may  be  said 
of  the  entire  valley  that  water  has  been  applied  with  but  little  prepara- 
tion of  the  ground,  the  parts  most  faA^orably  situated  having  been 
irrigated  and  the  waste  discharged  upon  the  less  favored  land.  The 
condition  at  present  is  this:  The  upper  part  of  the  valle}^  produces 
crops  by  irrigation  direct;  the  next  division  below  by  subirrigation, 
the  water  supplying  the  soil  being  the  waste  from  the  irrigated  lands 
above;  the  lower  division  receives  the  seep  from  both,  and  is  so  highly 
charged  with  alkali  that  its  producing  value  is  of  a  low  order.  Analy- 
ses of  the  soils  taken  from  the  three  divisions  for  the  purpose  of  deter- 
mining the  percentage  of  injurious  salts  contained  in  them,  made  by 
the  chemist  of  the  State  experiment  station,  are  as  follows: 


Analyses  of  alkali  soils  from  Ataman  Valley,  Washington. 


Sample  number. 

Total 
soluble 
salts. 

Calcium 

sul- 
phate. 

Magne- 
sium sul- 
phate. 

Sodium 
chlorid. 

Sodium 

car- 
bonate. 

Sodium 

sul- 
phate. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

1  (surface  alkali)  

22. 570 

0.965 

1.713 

3.354 

0.402 

16. 136 

2  

.766 

.053 

None. 

.143 

.118 

.452 

3  

.220 

.031 

None. 

None. 

.131 

.058 

4  

1. 474 

.087 

•  .047 

.241 

.286 

.813 

5  

.610 

None. 

None. 

.066 

.106 

.438 

6  

.276 

None. 

None. 

.017 

.106 

.153 

7  

.251 

Trace. 

Trace. 

Trace. 

.095 

.151 

8  (hardpan)  

9  

.135 

Trace. 

None. 

None. 

.046 

.089 

.564 

.043 

Trace. 

.038 

.259 

.224 

10  

.838 

Trace. 

None. 

.056 

.339 

.443 

No.  1  is  alkali  gathered  from  the  surface  of  cultivated  soil  on  the 
SW.  i  of  sec.  31. 

No.  2  is  top  soil  of  a  hop}^ard  on  the  SW.  i  of  sec.  31.  This  hop 
field  has  some  open-ditch  drainage  and  the  vines  are  somewhat  injured 
by  subsoil  water  and  alkali. 

No.  3  is  top  soil  from  sec.  3.  Water  is  supplied  by  natural  subirri- 
gation and  drainage  is  good.  The  land  produced  a  good  crop  of  wheat 
the  present  year. 

No.  1  is  the  first  foot  of  soil  taken  from  sec.  6,  on  land  which  has 
been  abandoned  to  salt  grass  and  grease  wood. 

No.  5  is  the  second  foot  of  soil  from  the  same  place. 
No.  6  is  the  third  foot  of  soil  from  the  same  place. 
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No.  7  is  the  fourth  foot  of  soil  from  the  same  place. 

No.  8  is  hardpan  2  feet  below  the  surface  of  sec.  6. 

Xo.  9  is  the  first  foot  of  soil  from  salt- grass  pasture  on  sec.  35. 

Xo.  10  is  the  second  foot  of  soil  from  the  same  place. 

The  total  sodium  chlorid,  carbonate,  and  sulphate  found  in  sample 
No.  2  is  0.713  per  cent,  and  is  as  strong  an  alkali  soil  as  hop  plants  will 
endure  when  taken  in  connection  with  the  water  conditions  which  pre- 
vail. It  is  only  with  the  most  persistent  effort  in  cultivating,  irri- 
gating, and  surface  draining  that  this  hop  held  is  preserved. 

The  total  salts  in  sample  Xo.  2  amount  to  0.189  per  cent  and,  under 
the  condition  in  which  the  soil  is  found,  it  appears  to  be  uninjured  by 
either  water  or  alkali.  The  other  soils  on  the  list  are  all  unproduc- 
tive. It  should  be  observed,  however,  that  sample  XTo.  2,  taken  from 
a  producing  hop  field,  is  as  highly  charged  with  alkali  as  some  of  the 
samples  gathered  from  fields  which  are  abandoned  to  salt  grass.  This 
shows  what  may  be  accomplished  by  persistent  cultivation,  irrigation, 
and  drainage  after  a  crop  becomes  well  established. 

These  analyses  are  introduced  to  show  the  relation  of  the  volume  of 
salts  existing  in  the  soil  to  the  production  and  ground-water  conditions 
as  found  in  a  few  localities.  Careful  observations  show  that  soils  may 
be  productive  while  containing  quite  widely  different  quantities  of 
alkali.  For  example,  sample  No.  2,  taken  from  a  producing  hop  field, 
shows  0.713  per  cent  of  injurious  salts,  yet  with  the  aid  of  some  shal- 
low, open-drainage  ditches,  regular  irrigation,  and  cultivation  the  field 
is  still  productive,  though  it  is  probable  that  it  can  not  be  long  kept 
in  this  condition  unless  the  drains  be  deepened.  The  subsoil  water 
comes  from  outside  sources  and  is  kept  moving,  while  the  irrigation 
applied  to  the  surface  tends  to  dissolve  the  alkali  and  moves  downward 
in  the  direction  of  drainage.  The  shade  furnished  to  the  surface  by 
the  hop  vines  prevents  rapid  evaporation  from  the  ground,  thereby 
retarding  the  concentration  of  the  salts  of  the  soil. 

AREA  OF  ALKALI  LAND. 

It  is  noted  by  farmers  that  the  line  of  alkali  land  is  passing  slowly 
up  the  valley  and  encroaching  upon  the  subirrigated  land.  The  soil 
water  in  all  cases  passes  down  the  greatest  slope  of  the  land  parallel 
to  the  direction  of  such  drainage  channels  as  now  exist.  Hence  these 
channels  have  scarcely  any  effect  upon  the  drainage  of  the  soil  between 
them.  A  line  of  soil  borings  shows  that  the  water  line  is  usually  par- 
allel with  the  surface  except  where  the  ground  is  rolling,  in  which  cases 
alkali  seepage  shows  near  the  foot  of  the  slopes.  It  is  also  observed 
that  during  the  latter  part  of  the  season  the  soil-water  line  of  land 
along  the  lower  levels  rises  more  rapidly  than  in  land  occupying 
higher  levels. 


37 


Hardpan  is  frequently  found  at  variable  depths.  It  is  within  12 
inches  of  the  surface  in  some  places  and  3  feet  in  others.  The  deeper 
layers,  however,  are  usually  found  in  a  softened  condition  and  may  be 
easily  cut  with  the  spade  where  the  soil  has  been  saturated  for  some 
time,  though  it  is  not  uncommon  to  find  hard  and  dry  patches  of  this 
material  near  those  which  are  dissolved.  Its  disintegration  takes 
place  from  the  underside  upward,  so  that  a  thin,  dry  crust  is  some- 
times all  that  remains  of  a  stratum  originally  8  inches  thick.  Analy- 
ses of  the  hardpan  show  that  it  contains  but  little  of  the  injurious 
salts,  proving  that  the  hardpan  is  not  the  source  of  the  alkali  of  the 
soil. 

Soil  water  is  found  from  -1  to  6  feet  from  the  surface  in  land  which 
contains  so  much  alkali  that  it  is  unproductive,  yet  the  soil  above  the 
water  line  is  constantly  moist  (fig.  5).  There  is  evidently  a  constant 
evaporation  taking  place  from  the  surface  which  adds  to  its  supply  of 
alkali.  These  facts  show  quite  conclusively  that  there  is  an  under- 
surface  supply  with  sufficient  head  to  furnish  a  constant  upward  pres- 
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Fig.  5.— Profile  showing  rise  of  ground  water  in  the  direction  of  irrigated  land. 


sure  which,  in  addition  to  the  capillary  action  of  the  soil,  forces 
moisture  to  the  surface.  This  water  can  be  none  other  than  the  waste 
and  seepage  from  the  upper  lands  of  the  valley.  This  knowledge, 
together  with  that  of  the  effects  produced,  suggests  the  first  steps 
which  should  be  taken  toward  the  reclamation  of  the  land  from  its 
alkali  condition.  The  lower  soil  should  be  kept  dry  and  all  water  be 
applied  at  the  surface.  Water  should  pass  downward  through  the 
soil  and  be  taken  up  by  the  dry  earth  or  carried  away  by  suitable 
drainage.  As  it  is  now.  soil  water  charged  with  accumulated  alkali  is 
forced  to  the  surface  where  it  deposits  the  solids  as  evaporation  takes 
place. 

PLAN  FOR  DRAINAGE. 

The  plan  suggested  for  cutting  off  the  underground  supply  of 
water  is  to  construct  cross  drains  at  interval-  of  one-half  mile  or  in 
some  instances  less,  which  should  discharge  into  the  most  convenient 
channels  (fig.  6).  These  drains  may  be  either  open  or  covered  and 
should  be  not  less  than  4.5  feet  deep.    As  a  supplement  to  the  drains, 
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Fig.  6. 
of  alkali 


small  wells  should  be  sunk  4  feet  deeper  than  the  drains  and  have  dis- 
charging- orifices  near  the  bottom  of  the  ditch  (fig.  T).  These  wells 
when  placed  about  300  feet  apart  will  serve  to  break  the  pressure  head 
produced  by  the  underground  currents  of  water  and  give  outlets  to  it 
through  the  wells  into  the  drain-.  Such  drainage  will  cut  off"  out- 
side supply  and  pressure  of  water  and  render  the  soil  dry.  Irrigation 
/  water  can  then  be  applied  to  the 

surface,  the  alkali  be  dissolved, 
and  gradually  worked  downward 
by  successive  irrigations  and  cul- 
tivations. If  interior  underdrains 
are  placed  at  distances  of  200  to 
300  feet  the  excess  of  water  will  be 
removed  and  the  subsoil  kept  in 
a  condition  to  receive  such  water 
a-  it  may  be  necessary  to  apply. 
The  direction  of  the  drains  should 
be  diagonally  across  the  slope  if 

Proposed  drainage  plan  for  field  reclamation  *t  jg  practicable  to  lav  them  in 
.li  land  in  the  Atanum  Valley,  Washington.  A 

that  way. 

The  kind  of  drains  which  should  be  used  will  depend  largely  upon 
their  cost.  There  is  an  opinion  among  farmers  and  others  that  the 
ordinary  drain  tile  will  prove  inefficient  in  soils  of  this  character. 
Drain  tile  can  not  be  laid  in  finely  divided  soils  when  saturated  to  such 
a  degree  as  to  be  semifluid.  TVhen  the  work  is  attempted  with  soil 
in  this  condition,  the  tile  should  be  laid  upon  boards  1  inch  thick, 
which  will  prevent  the  tile  from  dropping  out  of  alignment.  A  time 
of  year  may  usually  be  selected  when  the  earth  is  sufficiently  dry  to 
make  a  dry  bed  for  the  tile.  The  high  price  of  drain  tile  as  compared 
with  that  of  box  drains  may  for 
the  present  be  prohibitory  in  this 
locality.  Tile  smaller  than  -I  inches 
in  diameter  has  no  place  in  this 
class  of  soils,  while  5-inch  and 
6-inch  for  laterals  laid  as  shown 
on  the  plan  proposed  in  figure  6 
should  be  used.  Silt  will  gather 
in  the  drains  to  some  extent  and 
may  be  difficult  to  flush  out  from  3-inch  and  4-inch  drains. 

An  important  accessory  to  field  underdrains  is  the  stop  gate,  which 
should  be  placed  at  the  outlet  of  each  lateral  if  the  grade  is  light. 
AY  hen  the  field  is  irrigated  the  gate  may  be  closed  to  avoid  waste  of 
water  and  opened  as  soon  as  irrigation  is  completed.  This  process 
will  flush  the  drains  and  at  the  same  time  facilitate  the  irrigation  of 
the  land.  The  gate  may  consist  of  a  box  set  in  the  line  of  the  drain 
in  which  there  is  a  sliding  partition  extending  to  the  surface  of  the 


Fig.  7.— Section  showing  relief  drain  well  on  main 
cross  drains. 
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ground.  This  may  be  opened  or  closed  as  desired.  In  the  soils  of  the 
character  found  in  the  lower  Atanum  Valley  frequent  drainage  is  not 
necessary.  Deep  drains  of  ample  size  and  others  for  protection  as  sug- 
gested in  the  plan  will  serve  the  desired  purpose  and  bring  the  expense 
of  reclamation  work  within  profitable  limits. 

DRAINAGE   PLAN    FOR    A    FARM   OF   80   ACRES   IN  YAKIMA 
VALLEY,  WASHINGTON. 

A  matter  of  much  interest  to  many  of  the  farmers  in  the  vicinity  of 
North  Yakima  is  what  is  termed  the  "subbing"  of  the  land,  a  term 
used  to  describe  the  saturation  of  land  by  underflow.  Xearly  all  farms 
which  lie  at  the  foot  of  a  slope  which  is  irrigated  receive  more  or  less 
injury  from  subsoil  water  coming  upon  them  from  higher  lands. 
There  are  two  causes  producing  this  condition  in  the  lands  lying  south- 
west of  the  town : 

The  outcropping  belt  of  river-washed  gravel  upon  which  the  town 
is  located  gradually  disappears  under  the  surface  in  a  southerly  direc- 
tion and  is  replaced  by  a  sandy  loam.  Between  the  outcropping  of 
this  gravel  and  the  point  where  the  loam  is  found  about  5  feet  deep, 
soils  in  all  stages  between  pure  gravel  and  friable  loam  are  found. 
The  gravel,  which  is  mixed  with  rich  soil  and  is  quite  productive, 
requires  copious  irrigation,  the  waste  from  which  passes  rapidly 
through  the  gravel  subsoil  to  the  lands  occupying  lower  levels  and 
subirrigates  them. 

A  second  cause  contributing  to  this  condition  is  the  relation  of  land 
on  Nob  Hill  to  that  lying  at  the  foot  of  the  slope  and  to  the  south 
beyond.  Waste  from  irrigation,  both  surface  and  underground, 
passes  down  the  slope  of  the  hill  into  the  gravel  subsoil.  As  the  slope 
of  the  land  diminishes  toward  the  south  the  water  continues  to  accu- 
mulate, gradually  fills  the  soil,  and  in  some  instances  flows  over  the 
surface  of  some  of  the  lower  lands  during  July  and  August. 

Subirrigation  was  formerly  regarded  as  an  important  economy  in 
the  cultivation  of  this  land,  but  time  has  proven  that  its  benefits  were 
of  a  temporaiy  character  and  have  been  followed  by  highly  injurious 
results.  One  farm  to  which  considerable  attention  has  been  given 
furnishes  such  a  striking  example  of  the  process  of  seepage  that  its 
results  will  be  here  described.  It  consists  of  80  acres  and  subs  to 
such  an  extent  that  the  south  part  for  a  few  years  past  has  produced 
no  valuable  crop.  It  was  formerly  noted  for  the  excellent  quality,  as 
well  as  large  quantity,  of  hops  which  were  produced,  but  in  recent 
years  a  portion  of  this  field  has  been  so  injured  by  seepage  that  the 
plants  have  been  dug  out  and  the  land  seeded  to  grass.  Some  attempt 
at  drainage  was  made,  and  for  this  purpose  a  small  ditch  was  opened 
from  the  farm  toward  the  south  and  extends  to  Wide  Hollow  Creek 
along  a  right  of  way  secured  for  the  purpose.    This  drain,  however, 
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relieves  the  farm  from  water  only  after  it  appears  near  the  surface, 
and  hence  fails  to  give  sufficient  drainage  to  the  land. 

The  accompanying'  map  (fig.  8)  shows  the  condition  in  which  the 
land  was  found  on  July  30,  1903.    At  that  time  fully  one-half  of  ii 


FIG.  8 —Proposed  plan  for  drainage  of  Baldwin  and  Mead  farms,  Yakima  County,  Wash. 


had  water  at  or  near  the  surface.  On  June  20  water  was  found 
within  a  foot  of  the  surface  at  the  south  end  of  the  farm,  and  on  July 
1  it  was  standing  on  the  surface  at  the  same  place.    Nothing  of  value 
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was  growing  upon  the  south  20  acres.  During-  the  first  part  of  the 
season  water  was  found  constantly  rising  in  the  soil  until  on  the  date 
mentioned  it  had  reached  the  surface  as  represented  on  the  map. 
Mosquitoes  and  snipe,  with  unerring  instinct,  found  this  a  homelike 
retreat. 

SOURCE  OF  THE  WATER. 

This  water  comes  from  the  subsoil,  rises  constantly,  and  reaches  out 
into  various  portions  of  the  field.  The  conditions  on  Nob  Hill  were 
far  different.  Every  plant,  tree,  and  shrub  received  its  water  from 
that  applied  to  the  surface.  There  was  no  subbing  there.  The  utmost 
luxuriance  and  fruitfumess  greeted  the  eye  on  every  side.  When  we 
compare  this  and  the  other  land,  in  which  ground  water  does  not  con- 
tribute to  the  supply  of  moisture,  with  the  uneven  and  patchy  produc- 
tiveness of  land  which  subs,  we  arc  forced  to  the  conclusion  that 
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Fig.  9.^Profile  of  soil  water  on  Baldwin  farm. 


subirrigation  for  this  land  is  a  delusion  and  a  veritable  snare  to  the 
unwary  irrigator.  This  farm  belongs  to  the  area  in  which  the  grav- 
elly soil  is  within  1  to  5  feet  of  the  surface.  The  gravel  is  found 
deeper  toward  the  south  end  and  shades  off  into  the  sandy  loam  which 
is  characteristic  of  the  low  part  of  the  valley. 

The  question  arose  as  to  the  source  of  the  water  which  fills  the 
ground  of  this  farm.  It  was  quite  persistently  held  by  some  that  it 
came  from  the  east  side,  for  the  reason  that  no  trouble  was  experi- 
enced from  this  cause  until  irrigation  began  on  the  land  adjoining  it 
on  the  east.  The  soil  there  is  open  and  gravelly  and  received  unmeas- 
ured quantities  of  water,  according  to  the  best  evidence  at  hand.  The 
topography  of  the  surrounding  land,  however,  did  not  suggest  nor 
sustain  this  view  and.  in  order  to  secure  reliable  information  which 
would  help  solve  the  question,  borings  were  made  aero—  the  farm  for 
the  purpose  of  determining  the  water  line.  The  results  of  these 
measurements  are  shown  in  rig.  9.  and  indicate  that  the  water  comes 
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mainly  from  the  west  and  northwest  and  passes  in  a  so uth easterly 
direction  through  the  soil.  There  is  a  short  slope  on  the  adjoining 
land  at  the  east  from  which  some  seepage  water  finds  its  way  west- 
ward to  the  farm.  The  land  at  the  northwest  rises  rapidly  for  a  mile 
or  more  and  soon  reaches  a  point  100  feet  higher  than  the  farm,  so 
that  all  soil  water  reaches  the  farm  under  a  good  head.  Some  con- 
ception of  this  head,  which  is  forcing  the  water  into  the  land,  was 
obtained  from  the  following  test:  A  hole  20  inches  deep  was  bored 
to  the  gravel  on  the  west  side  of  the  road  and  then  drilled  1  foot 
deeper  into  the  gravelly  subsoil.  Water  at  once  rose  to  near  the  sur- 
face and  stood  9  inches  higher  than  it  was  found  in  the  field  at  the 
east  100  feet  distant. 

QUANTITY  OF  DRAINAGE  WATER. 

The  quantity  of  water  to  be  provided  for  was  found  to  be  greater 
than  was  generally  suspected.  A  covered  drain  about  1,200  feet  long, 
put  in  for  the  purpose  of  draining  the  house  cellar,  when  measured  in 
July  was  found  to  be  discharging  1.5  cubic  feet  per  second.  '  The 
drain  passes  through  the  gravel  and  apparently  intercepts  the  supply 
of  ground  water  from  the  hill  land  at  the  northwest.  Judging  from 
the  topography,  this  drain  intercepts  water  from  about  160  acres  of 
land  which  slope  toward  it.  After  the  land  became  saturated  and  the 
surplus  water  was  flowing  through  the  shallow  drain  above  mentioned 
into  Wide  Hollow  Creek,  the  quantity  was  measured  near  the  outlet 
and  was  found  to  be  5.3  cubic  feet  per  second.  There  were  approxi- 
mately 610  acres  of  land  which  discharged  drainage  water  through  this 
ditch.  In  addition  to  the  drainage  water  there  was  some  waste  from 
irrigation. 

In  determining  this  quantity,  the  area  which  contributes  the  water 
should  be  considered  rather  than  the  land  immediately  injured.  This 
is  difficult  to  do  satisfactorily,  for  in  addition  to  the  acreage  there 
should  be  considered  the  nature  and  direction  of  the  slopes,  the  porosit}T 
of  the  subsoil,  and  the  extent  and  manner  of  irrigation  practiced  upon 
the  adjoining  land.  From  figures  obtained  from  measurements  at 
various  points  it  was  found  that  the  drainage  to  be  provided  for  in 
land  having  a  gravel  subsoil  would  be  1  cubic  foot  per  second  for  each 
100  acres.  In  some  sandy  loams  through  which  the  water  flows  less 
freely,  measurements  indicate  that  0.5  cubic  foot  per  second  for  each 
100  acres  would  be  sufficient,  while  others  show  that  0.8  cubic  foot  per 
second  for  each  100  acres  would  be  required. 

PLAN  FOR  DRAINAGE. 

A  plan  for  the  drainage  of  this  farm  was  made  as  shown  on  the 
accompanying  map  (fig.  8,  p.  10).  Owing  to  the  peculiar  topography 
and  the  conditions  surrounding  the  land,  two  drains  are  provided. 
The  one  on  the  west  will  cut  off  the  water  coming  from  the  Nob  Hill 
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territory,  and  the  one  on  the  east  will  intercept  the  water  coming*  from 
that  side  and  also  from  the  north.  Another  purpose  of  the  east-side 
drain  will  be  to  collect  any  water  that  might  pass  under  the  drain  on 
the  west.  The  outlet  drain  for  this  system  will  follow  the  right  of 
wa}^  and  will  be  4,300  feet  long.  It  will  be  deep  and  expensive,  but  it 
has  been  arranged  that  the  cost  shall  be  shared  hy  the  parties  owning 
land  through  which  the  drain  will  pass.  The  drains  are  to  be  covered 
boxes,  such  as  are  shown  b}T  the  accompanying  sketches  (fig.  10).  The 
capacity  of  the  main  drain  is  estimated  at  6  cubic  feet  per  second  when 
flowing  under  the  head  due  to  its  own  grade.  It  is  proposed  to  exclude 
all  surface  water  from  this  system  as  far  as  possible.  The  land  that 
will  be  drained  has  not  been  injured  seriously  by  alkali,  for  the  reason, 
probably,  that  the  excess  of  water  has  dissolved  and  carried  away  the 
larger  part  of  it. 

The  position  which  this  land  occupies  with  reference  to  higher  land 
surrounding  it  is  such  that  waste  and  seepage  water  is  concentrated 
upon  it  and  is  thence 
distributed  through 
the  soil  of  land  lying 
to  the  southeast  in  the 
line  of  the  natural- 
drainage  slope.  It  is 
quite  evident  that  in- 
tercepting soil  and  sur- 
face water  in  such  a 
way  as  to  divert  it 
from  the  land  first  and 
most  immediately  af- 
fected will  prove  of 
great  value  to  land  lying  beyond  it  in  the  line  of  natural  drainage. 
It  is  doubtful  if  any  further  drainage  will  be  required  on  this  farm 
than  that  outlined  for  intercepting  the  water  coming  upon  it  from 
outside  territory. 

SOME  PRACTICAL  WORK  IN  THE  DRAINAGE  OF  ALKALI  LANDS. 

Any  work  which  has  been  prosecuted  to  successful  completion  along 
lines  concerning  which  there  is  some  question  among  practical  men 
has  a  value  peculiar  to  itself.  Success  is  always  convincing.  The 
following  account  illustrates  what  individual  persistence  under  dis- 
couraging surroundings  may  accomplish  and  enforces  the  proposition 
that  land  may  be  profitably  reclaimed  from  alkali  by  methods  easily 
within  reach  of  the  enterprising  and  practical  farmer. 

In  the  county  of  Kittitas,  State  of  Washington,  not  far  from  Ellens- 
burg,  is  a  farm  notable  in  that  locality  because  it  has  been  changed 
from  a  barren  alkali  tract  to  a  productive  meadow.  It  is  all  the  more 
deserving  of  description  because  its  owner  is  a  pioneer  in  such  work 


in  that  part  of  the  State  and  has  persevered  in  his  efforts,  notwith- 
standing the  ridicule  of  his  neighbors  and  discouragements  from  every 
side. 

The  farm  is  a  72-acre  tract  belonging  to  R.  P.  Tjossem.  which, 
according  to  all  the  evidence  at  hand,  was  white  with  alkali  and  abso- 
lutely unproductive  before  any  water  for  irrigation  became  available. 
As  soon  as  water  could  be  obtained  Mr.  Tjossem  began  surface  flood- 
ing for  the  purpose  of  washing  off  the  alkali.  It  is  probable  that 
in  this  way  a  considerable  quantity  of  the  salt  was  removed  from  the 
surface,  together  with  much  valuable  humus  which  had  been  absorbed 
by  the  alkali.  Yet  the  land  remained  unproductive,  the  supply  of 
alkali  from  below  apparently  replenishing  the  surface  as  fast  as  the 
salt  was  taken  away.  The  lalid  on  the  west  produced  salt-grass  pasture, 
thus  affording  some  revenue:  but  this  land  produced  nothing.  Having 
occasion  to  underdrain  a  small  strip  of  wet  land  so  as  to  make  it  suf- 
ficiently firm  to  drive  across,  Mr.  Tjossem  noted  that  the  alkali  land 
adjoining  was  improved  and  that  the  water  with  which  he  irrigated 
this  land  percolated  downward  and  through  the  land  which  he  had 
drained.  The  idea  that  underdrainage  was  the  cure  for  the  evil  with 
which  he  had  been  contending,  impressed  itself  upon  him.  Being 
endowed  with  inventive  talent,  he  built  a  mole  plow  for  making 
drains.  It  was  drawn  through  the  soil  by  a  capstan,  leaving  a  passage 
in  the  earth  about  6  inches  square,  2  feet  beneath  the  surface.  While 
these  drains  did  «ome  good,  they  were  found  to  be  too  shallow,  and 
were  often  injured  by  holes  which  were  washed  into  them  by  water 
from  the  surface.  He  then  changed  his  machine  so  that  it  made  drains 
30  inches  deep,  and.  for  the  purpose  of  making  them  more  lasting, 
added  a  device  by  means  of  which  a  series  of  box  drains  with  open 
bottom  could  be  drawn  in  behind  the  mole,  thus  obviating  the  risk  of 
the  drains  being  destroyed  as  were  the  simple  mole  drains  first  used. 

This  work  was  not  done  in  one  season.  Mr.  Tjossem  continued  his 
experiments  and  watched  the  results.  Drains  had  been  placed  here 
and  there  where  it  was  thought  they  might  do  the  most  good.  At  last 
he  came  to  the  conclusion  that  while  his  drains  had  aided  him  in  some 
measure,  shallow  drains  "were  not  much  good."  as  he  expressed  it. 
He  constructed  a  larger  and  stronger  machine  which  made  a  drain  1.5 
feet  deep  and  which  took  a  box  behind  the  mole  (3  by  8  inches  in  sec- 
tion. A  conical-shaped  box  at  the  rear  of  the  mole  opens  the  earth 
and  draws  after  it  a  series  of  box  drains  cut  in  lengths  of  I  feet. 
When  3< )0  feet  of  drain  have  been  completed,  a  new  section  is  begun 
and  the  interval  of  a  few  feet  between  the  two  sections  is  filled  in 
by  hand. 

With  the  aid  of  this  machine  he  constructed  the  drains  rapidly  and 
cheaply,  and,  what  was  more  gratifying,  made  substantial  progress  in 
the  work  of  reclamation.    It  may  be  said  with  reference  to  this  machine 
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that  it  is  adapted  to  ground  that  has  but  little  hardpan  and  must  be 
used  when  the  earth  through  which  the  mole  is  drawn  is  well  saturated 
with  water. 

It  is  somewhat  remarkable  that  the  meager  and  imperfect  drainage 
has  accomplished  such  excellent  results.  It  is  now  six  years  since  the 
first  shallow  drains  were  constructed.  The  hay  taken  from  the  land  is 
a  mixture,  some  being  alfalfa  and  other  timothy  and  clover.  Mr. 
Tjossem  says  he  seeded  with  anything  he  thought  would  grow.  The 
land  will  net  him  $1,500  this  }7ear,  but  there  are  yet  some  places  between 
the  drains  which  show  alkali  and  have  produced  but  small  crops. 
There  is  but  a  fence  between  this  meadow  and  the  salt  grass  pasture 
adjoining  it  on  the  west  and  north.  This  pasture  receives  no  irrigation, 
yet  soil  taken  2  feet  below  the  surface  is  so  wet  that  water  can  be 
pressed  out  of  it  by  hand.  No  more  emphatic  example  of  the  value 
of  drainage,  meager  though  it  is,  can  be  found  than  is  furnished  by 
the  contrast  of  these  two  fields. 

The  land  slopes  mainly  to  the  south.  Mr.  Tjossem's  drains  follow 
this  slope  except  in  a  few  instances.  The  irrigation  canal  and  the 
land  from  which  the  seepage  comes  lie  on  the  north  and  east.  In  the 
improvement  of  this  land  Mr.  Tjossem  adheres  to  the  practice  which 
he  considers  his  experience  has  demonstrated  as  correct.  He  subsoils, 
turning  the  top  soil  down  as  deeply  as  practicable  and  bringing  the 
lower  soil  to  the  surface,  thus  producing  a  seed  bed,  the  soil  of  which 
contains  less  alkali  than  is  found  upon  the  surface.  He  then  seeds  and 
irrigates  liberally.  His  method  of  drainage,  however,  he  says,  is 
faulty.  The  outlets  are  not  free  nor  deep  enough.  The  drains  should 
extend  diagonally  across  the  slope  of  the  land  instead  of  with  it. 
With  this  plan  in  view,  he  is  now  constructing  a  machine  which  will 
excavate  a  deep  ditch,  intending,  if  it  will  work,  to  revise  and  recon- 
struct his  entire  drainage  system. 

The  reclamation  of  these  72  acres  is  regarded  by  his  neighbors  as  a 
success,  and,  as  might  be  expected,  he  is  looked  upon  as  an  authority 
on  this  subject.  At  the  request  of  Mr.  Hinman,  postmaster  at  Ellens- 
burg,  who  owns  a  farm  2  miles  from  town,  Mr.  Tjossem  directed  some 
work  for  him  last  spring  which  was  so  satisfactory  that  it  will  be  con- 
tinued the  coming  winter  along  the  same  general  lines. 

Owing  to  the  irregular  and  experimental  way  in  which  Mr.  Tjossem 
performed  the  work  on  his  farm  he  is  unable  to  state  the  cost.  Such 
examples  demonstrate  that  land  of  this  description  can  be  brought 
into  the  realm  of  productiveness  and  that  this  can  be  done  by  the 
farmer  without  employing  airy  very  unusual  methods.  Some  well- 
directed  drainage,  liberal  irrigation,  and  wise  cultivation  will  make 
the  landowner  master  of  the  situation. 
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DRAINAGE  IN  GREY  BULL  VALLEY,  WYOMING. 

A  tract  in  Grey  Bull  Valley,  Wyoming,  which  had  been  injured  by 
seepage  and  alkali,  was  examined.  Here  the  farms  are  usually  160 
acres  in  extent,  much  larger  than  the  owners  are  able  to  cultivate 
well  with  the  help  at  their  command.  Grain  and  alfalfa  are  grown 
almost  exclusively.  Railroad  shipping  facilities  are  28  miles  distant, 
so  that  economic  conditions  are  essentially  different  from  those  in 
localities  heretofore  noted.  The  town  of  Burlington  in  Big  Horn 
Count}7  is  about  4  miles  from  the  Grey  Bull  River  and  is  the  center 
about  which  cluster  the  farms  which  are  irrigated  by  the  Farmers 
Canal.  This  canal  takes  water  from  the  Grey  Bull  River,  is  9  miles 
long,  and  is  designed  to  furnish  water  for  10,000  acres  of  land.  It 
was  completed  in  1896  and  cost  $12,500,  including  laterals. 

The  land  which  is  watered  by  this  ditch  consists  of  a  series  of  three 
benches  or  terraces  rising  above  the  first  river  bottom  in  steps  from  20 
to  30  feet  in  height,  and  has  sufficient  slope  directly  toward  the  river 
and  parallel  with  its  course  to  permit  a  ready  flow  of  both  supply  and 
drainage  water.  The  distributing  laterals  are  laid  regularly  on  section 
and  half -section  lines,  so  that  with  a  few  exceptions  water  is  distrib- 
uted from  laterals  extending  across  the  entire  tract  one-half  mile  apart. 
Waste  ditches  located  every  half  mile,  at  right  angles  to  the  distribu- 
ting ditches  and  between  them,  are  intended  to  intercept  the  waste 
water  from  each  farm  and  discharge  it  into  the  next  lower  distributing 
or  head  ditch  (fig.  11). 

The  soil  lies  upon  a  bed  of  coarse  river- washed  gravel  with  which 
are  mixed  cobblestones  of  all  sizes,  and  is  usually  not  deeper  than  15 
inches  except  along  the  lower  borders  of  the  benches,  where  it  is  not 
infrequently  3  to  6  feet  deep.  Often  the  gravel  crops  out  upon  the 
surface  to  such  an  extent  as  to  interfere  with  cultivation.  The  under 
gravel  contains  no  soil  or  clay  of  any  kind. 


The  record  of  a  deep  well  which  was  drilled  on  the  town  site  during 
August  is  as  follows: 


At  the  bottom  of  the  sand  is  found  an  impervious  or  "bad  lands" 
clay.  When  the  well  was  drilled  water  was  found  from  a  plane  within 
3  feet  of  the  surface  to  the  impervious  clay  51  feet  below.  The  water 
contained  too  much  alkali  for  domestic  use.  The  owner  of  the  NE.  J 
of  sec.  30,  which  is  on  the  upper  bench  near  the  canal,  say's  that  the 
second  year  after  irrigation  began  water  was  found  in  a  well  dug  on  his 
place  at  16  feet  from  the  surface,  and  in  the  fourth  year  the  land  at  the 
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same  point  was  too  bog-gy  to  be  cultivated.  At  present  much  of  the 
land  at  the  foot  of  the  benches  is  so  wet  as  to  be  unfit  for  cultivation, 


Fig.  11. — Map  of  irrigation  system  near  Burlington,  Wyo. 

some  of  it  being  covered  with  a  coat  of  white  alkali  (sodium  sul- 
phate), while  other  portions  show  surface  water  which  has  dissolved 
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the  alkali  to  such  an  extent  that  aquatic  pasture  grasses  grow  abun- 
dantly (PL  III,  fig.  2). 

That  this  condition  prevails  upon  land  which  has  been  under  irriga- 
tion only  seven  years  and  is  completely  underdrained  with  coarse 
gravel  is  a  matter  of  some  surprise.  The  gravel  has  become  filled  with 
water  from  near  the  surface  to  the  underlying  clay.  This  matter 
should  receive  consideration,  since  much  otherwise  valuable  land  has 
become  useless,  while  there  is  a  constant  complaint  of  a  scarcity  of 
water  for  irrigation. 

THE  CAUSE. 

Seeking  for  the  cause  of  these  conditions  so  unfavorable  to  land 
under  the  Farmers  Canal,  it  may  be  observed  that  the  canal  is  in  many 
places  cut  through  gravel  which  permits  a  large  leakage  of  water.  At 
the  west  and  northwest  of  the  tract  the  Wiley  Ditch  contributes  its 
share  of  seepage  to  the  lower  land.  On  account  of  the  shallow  soil 
and  the  open  gravel  below  a  great  deal  of  water  is  required.  The  cus- 
tom at  present  with  most  of  the  irrigators  is  to  fill  the  gravel  with 
water  until  the  surface  is  saturated.  The  supply  being  shut  off,  the 
water  passes  through  the  gravel  to  lower  land.  The  water  contains 
alkali  which  soon  shows  on  the  lower  land  to  such  an  extent  that  the 
owner  is  obliged  to  apply  water  vigorously  in  order  to  wash  his  land 
and  prevent  injury  to  his  crop.  The  deeper  soils  at  the  base  of  the 
benches,  however,  receive  the  waste  from  the  upper  lands  and  soon 
become  bogged.  These  soils  are  much  the  deepest  and  richest  of  the 
entire  body  of  land  under  irrigation.  The  ditches  provided  for  waste 
water  are  so  shallow  that  they  intercept  only  that  which  wastes  over 
the  surface,  the  greater  part  of  the  water  passing  slowly  through  the 
gravel  toward  the  lower  benches  and  thence  to  the  river. 

THE  REMEDY. 

Such  are  the  facts  relating  to  this  land.  The  alkali,  being  princi- 
pally sodium  sulphate,  readily  dissolves  and  can  be  washed  out  of  the 
soil.  Owing  to  the  great  facility  with  which  the  gravel  receives  the 
water,  the  alkali  which  is  washed  from  one  farm  is  carried  to  the  next 
below  and  so  on  through  the  entire  tier  of  farms.  As  a  remedy  for 
this  evil  the  cross  ditches  should  be  deepened  to  3  feet  for  the  purpose 
of  cutting  off  the  waste  water  which  comes  through  the  gravel  from 
entering  the  farm  next  below.  The  gravel  will  afford  perfect  under- 
drainage  if  suitable  outlets  in  the  form  of  open  ditches  are  provided. 
These  may  discharge  into  the  head  ditches  wherever  possible. 

It  is  observed  that  the  greatest  injury  from  water  and  alkali  is  found 
at  the  bases  of  the  benches.  Irrigation  water  from  the  bench  land 
above  sinks  into  the  gravel  and  seeps  out  at  the  foot  of  the  slope, 
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giving  a  constant  supply  of  both  water  and  alkali  during  the  irriga- 
tion season.  In  most  instances  this  supply  is  increased  .by  leakage 
from  the  canal. 

One  of  these  boggy  tracts  is  seen  on  sees.  34,  35,  and  26  (fig.  11). 
It  receives  its  water  from  the  Wiley  Canal.  The  bench  is  30  feet 
higher  than  the  lower  land.  In  addition  to  the  seepage  from  the 
bench  all  waste  irrigation  and  seepage  water  from  320  acres  of  land 
lying  under  the  bench  concentrates  at  the  foot  of  this  ridge  and  as  a 
result  the  land,  though  once  cultivated,  has  been  abandoned.  A  ditch 
along  the  foot  of  this  ridge,  running  in  a  northeasterly  direction  and 
discharging  into  the  Farmers  Canal  on  the  SE.  i  of  sec.  26,  would  give 
an  outlet  for  all  of  this  surplus  water  and  with  the  aid  of  some  other 
individual  cut-off  ditches  would  restore  this  land  to  its  former  pro- 
ductiveness (fig.  12).  This  ditch  would  have  a  fall  of  30  feet  to  the 
mile  and  might  easily  be  discharged  into  the  Farmers  Canal,  thus 
adding  somewhat  to  its  supply. 

Another  prominent  seepage  belt  extends  from  the  Farmers  Canal  on 
sec.  25  along  the  foot  of  the  bench  just  south  of  town  through  Bur- 
lington addition  and  off 
easterly  for  a  distance  of 
4  miles.  This  should  be 
treated  in  the  same  man- 
ner as  the  bog  under  the 
Wiley  Ditch,  making  the 
discharging  point  at  the 
waste  ditch  on  sec.  34,  R. 
96.  This  would  intercept 
the  waste  water  from  the       ■*rSeoUo11  sl« £f  damage  ditch,  Burling- 

ton  district,  W  yommg. 

bench  land  at  the  north 

and  greatly  relieve  all  land  south  of  the  drainage  ditch. 

Drainage  ditches  should  not  be  made  too  shallow.  Their  object  is 
to  take  water  out  of  the  subsoil  rather  than  from  the  surface.  They 
should  be  sunk  2  feet  into  the  gravel  or,  in  case  there  is  no  gravel, 
they  should  be  4  feet  deep  and  wide  enough  to  remain  open  and  admit 
of  occasional  cleaning.  It  should  be  understood  that  the  object  of 
these  ditches  is  to  intercept  seep  and  waste  water  coming  from  higher 
land  and  to  afford  an  outlet  for  smaller  waste  ditches  which  may  dis- 
charge into  them.  In  all  cases  the  ditches  must  be  deep  enough  to 
reach  well  into  the  gravel.  All  that  is  necessary  to  secure  sufficient 
drainage  in  this  locality  is  to  tap  the  gravel  bed  underlying  the  soil 
with  sufficient  frequency  to  relieve  it  of  soil  water. 

The  thinness  of  the  soil  and  the  waste  which  necessarily  attends  the 
use  of  water  suggests  that  head  ditches  be  placed  more  frequently  and 
that  the  distribution  of  water  be  more  directly  and  carefully  made. 
The  practice  of  turning  loose  a  large  volume  to  pass  through  the  soil 
into  the  gravel  is  both  wasteful  of  water  and  injurious  to  the  land. 
30440— No.  147—04  4 
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More  frequent  watering  will  be  required  on  this  than  on  land  with 
clay  subsoil,  but  a  less  quantity  should  be  used  at  each  application. 
For  the  reason  that  water-filled  gravel  lies  near  the  surface,  alkali  can 
be  easily  washed  downward  and,  under  the  circumstances  described,  it 
always  needs  to  be. 

It  should  be  noted  by  those  who  doubt  that  alkali  can  be  taken  from 
the  soil  that  each  irrigation  of  this  gravel-bottom  land  washes  out 
alkali  which  if  left  during  one  season  would  destro}^  the  crop.  An 
abundance  of  water  finds  its  way  to  the  river  through  springs  which 
have  come  into  existence  since  irrigation  began.  It  is  evident  that 
water  runs  into  the  gravel  more  rapidly  than  it  can  pass  away  until 
more  outlet  ditches  are  made  as  suggested. 

DRAINAGE  IN  THE  MISSOURI  RIVER  VALLEY,  IOWA. 

A  drainage  problem  of  great  magnitude  and  of  vital  importance  to 
those  owning  land  on  the  Missouri  River  bottom  was  made  the  subject 
of  investigation  by  this  Office  during  the  year.  The  conditions  and 
difficulties  met  in  one  of  the  districts  embracing  the  Monona-Harrison 
County  Ditch  are  typical  of  others  in  the  same  valley.  The  drainage 
of  these  valley  lands  is  a  subject  which  has  received  the  careful  con- 
sideration of  many  observing  men  during  recent  years  and  is  at  this 
time  the  most  important  matter  that  can  be  named  in  connection  with 
the  development  of  this  valley.  No  statement  will  be  more  readily 
admitted  than  that  the  only  drawback  to  the  highest  development  of 
the  bottom  land  is  lack  of  drainage.  It  has  been  cultivated  and  found 
to  yield  large  and  excellent  field  crops,  especially  of  corn  and  grass. 
It  is  a  beautiful  broad  and  fertile  valley,  every  acre  of  which  may  be 
made  to  produce  satisfactoiy  crops  with  the  exception  of  such  land  as 
may  be  required  for  roads  and  ditches. 

TOPOGRAPHICAL.  FEATURES. 

For  data  relating  to  the  topography  of  the  valley,  the  behavior  of 
its  streams,  and  results  of  drainage  work  heretofore  attempted,  the 
count}^  is  greatly  indebted  to  Mitchell  Vincent,  of  Onawa,  also  for 
minute  observations  and  measurements  extending  over  a  period  of 
twenty-five  years,  which  he  has  compiled  with  painstaking  system. 
In  addition  to  these,  the  reliable  surveys  made  by  Mr.  Fessenden  bear- 
ing upon  the  proposed  improvement  present  facts  and  figures  of  the 
highest  importance  in  treating  this  question. 

If  the  surface  sloped  from  the  hills  directly  across  the  valley  to  the 
Missouri  River,  the  drainage  of  the  bottom  land  could  be  easily  pro- 
vided. Instead  of  this,  the  banks  of  the  river  are  25  feet  higher  than 
the  land  13  miles  toward  the  hills.  A  profile  line  drawn  from  the 
banks  of  the  Missouri  east  to  the  banks  of  the  Little  Sioux  River 
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Drainage  Map  of  a  Part  of  Monona  and  Harrison  Counties,  Iowa. 
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through  or  near  the  town  of  Whiting  shows  that  town  to  be  11  feet 
below  the  level  of  the  river  bank:  land  west  of  the  West  Fork,  22 
feet  below;  land  east  of  the  West  Fork.  26  feet  below:  and  the  Little 
Sioux  River  17  feet  lower  than  the  banks  of  the  Missouri.  The  width 
of  the  valley  on  this  line  is  about  11  miles,  with  the  largest  stream 
skirting  its  east  border  near  the  foot  of  the  bluff.  It  may  also  be 
observed  that  the  banks  of  this  stream  are  9  feet  higher  than  some  of 
the  land  lying  between  it  and  the  Missouri.  As  a  rule,  the  banks  of 
both  West  Fork  and  Little  Sioux  are  2  to  5  feet  higher  than  the  gen- 
eral level  of  the  land  through  which  these  streams  flow,  though  it  is 
not  true  of  all  land  lying  on  the  west  side  of  the  West  Fork. 

The  Little  Sioux  River  receives  its  water  from  the  West  Fork  and 
the  Maple  River.  The  former  rises  in  the  northwest  part  of  the  State, 
is  53  miles  long.  and.  with  its  tributaries,  drains  TOO  square  miles. 
The  latter  joins  the  Little  Sioux  below  the  town  of  Turin,  is  77  miles 
long,  and  drains  732  square  miles  from  the  hills.  The  Little  Sioux, 
into  which  these  two  rivers  discharge,  empties  into  the  Missouri  River 
at  the  town  of  Little  Sioux.  It  has  its  source  in  Minnesota,  is  150 
miles  long,  and  has  a  drainage  area,  including  that  of  the  two  streams 
just  mentioned,  of  approximately  3.9(h)  square  miles,  exclusive  of  the 
valley  land  through  which  it  flows  and  which  can  not  properly  be  con- 
sidered a  part  of  its  basin.  These  streams  in  the  valley  are  crooked, 
with  irregular  channels,  the  velocity  of  the  current  varying  from  0.5 
of  a  mile  to  2  miles  per  hour,  or  from  0.6  foot  to  3  feet  per  second. 
They  are  insufficient  to  carry  the  water  coming  to  them  from  the 
higher  country  in  times  of  heavy  rainfall,  and  as  a  result  overflow 
their  banks  and  flood  the  level  lands,  a  state  of  things  which  during 
the  present  season  has  been  particularly  disastrous.  The  repeated 
flooding  of  this  land  during  the  present  season  has  rendered  totally 
unfit  for  cultivation  fully  10.000  acres  of  fertile  land  within  the  range 
of  the  proposed  improvements.  When  water  once  flows  out  of  the 
streams  it  can  not  return  to  them  direct,  but  must  pass  slowly  over 
the  level  lands  southward  and  parallel  to  the  streams,  reaching  them 
at  some  lower  point  by  percolation.  What  is  the  result?  An  over- 
flow of  the  streams  whose  channels  are  insufficient  to  carry  the  water 
from  their  watershed,  with  no  drainage  provided  for  it.  makes  the 
valley  a  vast  lake,  as  it  has  been  at  various  times  during  the  past  season. 

DRAINAGE  PLANS. 

The  Monona-Harrison  Ditch  is  located  in  the  low  lands  west  of  the 
Little  Sioux  and  approximately  parallel  to  it.  as  shown  on  the  map 
(PL  IV),  and  discharges  direct  into  the  Missouri  through  the  washout 
above  the  town  of  Little  Sioux.  This  ditch  taps  the  West  Fork  oppo- 
site the  discharging  point  of  the  Wolf  Creek  dredge  ditch  now  nearing 
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completion.  The  object  of  this  drain  is  to  relieve  the  West  Fork  of 
such  a  part  of  its  water  at  flood  time  that  the  channel  below  can  carry 
the  rest  and  also  to  provide  an  ample  outlet  for  the  drainage  of  the  low 
land  Mng  west  of  and  parallel  to  the  river.  The  question  may  prop- 
erly be  asked,  Is  the  plan  a  sound  one  in  principle,  and  is  it  the  most 
practical  and  efficient  one  that  can  be  executed  ?  It  may  be  said  in 
its  favor  that  it  conforms  to  the  well-established  method  of  relieving 
an  overcharged  stream  b}^  constructing  an  outlet.  In  this  case  it  will 
relieve  the  congestion  of  the  West  Fork  and  lessen  the  danger  of  over- 
flow of  the  land  situated  both  above  and  below  the  point  of  outflow 
and  will  also  relieve  the  Little  Sioux  River.  The  ditch  passes  along 
the  lowest  land,  following  the  most  practical  course,  so  when  com- 
pleted it  will  be  available  as  a  drainage  outlet  for  land  on  either  side 
for  its  entire  length.  It  will  discharge  direct  into  the  Missouri  and 
will  provide  an  outlet  distinct  from  the  Little  Sioux,  into  which  the 
West  Fork  flows. 

SIZE  AND  KTND  OF  CHANNEL. 

It  has  been  urged  against  the  construction  of  this  ditch  as  proposed 
that  it  is  wrong  in  principle,  since,  if  the  bank  of  the  West  Fork  is 
cut,  water  will  flow  out  and  flood  the  land  even  more  than  it  does 
under  present  conditions.  This  is  true  unless  the  proposed  ditch  be 
constructed  with  sufficient  capacity. 

Let  us  examine  the  case  minutely.  The  West  Fork  at  the  proposed 
outtake  has  a  cross  section  of  about  1,200  square  feet  and,  at  ordinary 
flood  height,  the  stream  has  a  mean  velochty  of  0.6  foot  per  second, 
giving  a  discharging  capacity  of  720  cubic  feet  per  second.  It  is  pro- 
posed to  tap  this  stream  by  a  ditch  45  feet  wide  on  the  bottom,  65  and 
70  feet  wide  on  the  top,  and  with  10  feet  carrying  depth  at  flood  height. 
This  ditch  will  have  a  sectional  area  of  550  square  feet,  a  velocity  of 
3  feet  per  second,  and  a  carrying  capacity  of  1,650  cubic  feet  per 
second,  or  double  the  capacity  of  the  channel  of  the  West  Fork, 
thereby  making  the  flood  capacity  of  the  two  channels  three  times  as 
great  as  at  present.  The  ditch  will  be  22  miles  long,  from  10  to  12  feet 
deep  with  some  15-foot  cutting  near  the  lower  end,  and  a  uniform 
grade  of  1  foot  to  the  mile.  The  width  will  be  increased  to  50  feet 
base  below  Oliver  Lake.  The  grade  line  as  laid  out  will  strike  the 
river  at  ordinary  low-water  stage.  According  to  data  at  hand,  high 
water  in  the  Missouri  will  not  block  the  action  of  this  ditch.  Water 
passing  out  of  the  West  Fork  will  reach  the  Missouri  in  eleven  hours, 
whereas  it  now  requires  forty -four  hours  or  more  to  reach  the  same 
point  by  way  of  the  natural  stream. 
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ESSENTIAL  FEATURES  OF  DRAINAGE  DITCHES. 

The  experience  of  all  who  have  attempted  the  reclamation  of  leve 
lands  requiring  large  artificial  main  outlets  is  that  shallow  ditches  of 
whatever  kind  fail  in  every  case  to  give  satisfactory  drainage.  Shal- 
low ditches  for  farm  drainage  may  sometimes  give  sufficient  relief, 
but  must  be  supplemented  by  deep  main  channels  in  order  to  keep  the 
lower  soil  in  condition  to  receive  and  care  for  water  coming  from 
higher  levels.  It  is  a  matter  of  history  that  no  substantial  progress 
has  been  made  in  thoroughly  reclaiming  such  land  until  deep  ditches 
have  been  constructed.  There  is  a  quite  common  opinion  that,  if  a 
certain  drainage  basin  requires  a  ditch  of  given  size,  as  the  ditch  is 
extended  through  a  similar  country  the  size  and  capacity  should  be 
increased  in  direct  proportion  to  the  additional  acreage  draining  into 
it.  This,  however,  is  not  true.  A  careful  study  of  the  watershed  of 
streams  and  a  comparison  of  the  same  with  their  channels  shows  that 
these  channels  do  not  increase  directly  as  the  area  increases,  but  that 
there  is  a  varying  ratio  existing  between  the  two.  For  example,  at  a 
point  on  the  stream  where  the  drained  area  has  increased  20  per  cent, 
the  channel  is  enlarged  only  5  per  cent.  Where  the  area  has  increased 
4:0  per  cent,  the  channel  is  enlarged  only  10  per  cent.  This  is  particu- 
larly true  of  streams  where  the  drainage  of  the  additional  area  is 
brought  to  the  main  stream  in  comparatively  small  quantities.  If, 
however,  the  water  is  concentrated  and  discharged  in  large  volumes, 
the  increase  in  size  of  the  receiving  ditch  must  be  made  more  nearly 
in  proportion  to  the  volume  added.  The  reason  for  this  apparent 
paradox  is  that  the  inflow  is  distributed  over  the  entire  length  of  the 
discharging  line.  Water  which  is  near  the  main  outlet  enters  first  and 
is  discharged  before  water  from  a  more  distant  field  reaches  this 
point.  The  various  streams  from  different  distances  within  the  water- 
shed reach  the  main  at  different  points  along  its  course,  so  that,  in 
effect,  the  one  large  main  takes  the  place  of  a  large  number  of  sepa- 
rate and  smaller  outlets.  If  the  size  of  the  ditch  were  increased  in 
direct  proportion  to  the  increase  of  the  watershed  along  its  line  as  we 
proceed  downward,  it  would  soon  reach  a  size  not  at  all  commensurate 
with  economy  or  in  accordance  with  facts  commonly  observed  in 
drainage  investigations. 

The  drainage  plan  now  under  consideration  contemplates  the  con- 
struction of  two  lateral  ditches  aggregating  0.75  miles  and  also  a  sys- 
tem of  drainage  laterals  on  east  and  west  roads  amounting  to  SI  miles 
in  length.  The  latter  will  be  an  excellent  and  practical  method  of  dis- 
tributing the  inflow  from  farm  and  road  drainage  along  the  entire  22 
miles  of  length  of  the  main  ditch. 
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The  estimate  of  the  cost  of  the  work  as  previously  outlined  is  as 
follows: 

Monona- Harrison  County  ditch. 


Main  ditch,  2,300,700  cubic  yards    $149,545 

Laterals  Nos.  1  and  2,  77,140  cubic  yards   6, 171 

Section  line  laterals,  200,000  cubic  yards   20,  000 


Total,  2,577,840  cubic  yards  T....    175,  716 

Engineering  and  contingent  expenses,  5  per  cent   8,  785 

District  expense  of  highway  bridges   7,  000 


Total   191,501 


Total  number  of  acres  benefited    52,  340 

Average  cost  per  acre     $3.  66 

Probable  range  of  cost  per  acre   $2-$5 


This  looks  large  in  the  aggregate,  but,  when  distributed  over  the 
acreage  which  will  receive  marked  and  substantial  benefit,  it  is  small 
and  can  be  easily  paid  by  the  added  production  of  the  land  benefited. 
If  the  entire  cost  of  the  improvements  were  capitalized  at  6  per  cent 
annual  interest,  one  bushel  of  corn  per  acre  at  a  fair  price  would  pay 
the  interest,  and  2.5  bushels  of  corn  per  acre  per  year  for  ten  years 
would  more  than  pay  the  entire  expense  with  interest. 

The  drainage  law  of  Iowa  provides  for  the  bonding  of  a  district  to 
obtain  funds  for  executing  the  work.  This  is  a  wise  provision  and 
one  that  should  be  taken  advantage  of  in  carrying  out  improvements 
of  this  magnitude.  There  are  two  excellent  reasons  for  such  a  course 
in  this  case: 

(1)  The  increased  valuation  and  improved  productiveness  of  the  land 
will  make  the  payment  of  interest  and  maturing  installments  easy;  the 
land  will  pay  all  bills  and  a  handsome  profit  besides.  The  bonds  may 
mature  in  ten  years,  payable  in  such  installments  as  may  seem 
desirable. 

(2)  The  money  that  would  be  paid  for  the  entire  improvement  upon 
a  cash  basis  can  be  better  expended  in  improving  and  developing  the 
land.  It  will  bring  a  higher  rate  of  interest  in  this  way  than  the 
bondholder  will  receive.  It  m&y  be  stated  with  confidence  that  this 
land  will  pay  a  profit  on  any  reasonable  amount  that  ma}r  be  necessary 
to  develop  its  productiveness. 

IMPROVEMENT  OF  LITTLE  SIOUX  RIVER. 

By  reason  of  the  great  number  of  bends  and  the  bad  condition  of 
the  channel  of  the  stream,  the  Little  Sioux  is  inadequate  to  carry  the 
water  it  is  called  upon  to  discharge  and  should  be  improved  from  a 
point  in  section  30,  north  of  Turin,  as  far  south  as  the  Monona  County 
line.  The  construction  of  the  Monona-Harrison  County  Ditch  will 
be  of  great  advantage  to  those  holding  lands  along  the  Little  Sioux, 
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since  it  will  materially  diminish  the  quantity  of  water  which  now 
flows  into  this  treacherous  channel.  On  the  other  hand,  when  the 
Little  Sioux  overflows,  the  lands  to  be  benefited  by  the  ditch  will  be 
injured,  so  it  may  properly  be  said  that  the  improvements  will  be  of 
mutual  benefit  and  that  the  two  should  be  considered  together.  With 
the  improvement  of  the  Little  Sioux  in  view,  a  series  of  nine  cut- 
offs beginning  in  section  30.  north  of  Turin,  are  recommended,  which 
may  be  made  in  such  a  way  that  the  efficiency  of  the  stream  will  be 
increased  nearly  threefold. 

The  construction  of  3.75  miles  of  cut-off  40  feet  wide  will  shorten 
the  stream  12  miles.  This,  together  with  the  removal  of  the  Gumbo 
Eapids  near  the  south  line  of  Monona  County,  will  so  improve  the 
channel  that  it  will  care  for  all  the  water  brought  to  it.  The  natural 
channel  of  this  river  in  Harrison  County  is  an  excellent  one.  so  that 
the  land  contiguous  to  it  has  not  been  inundated,  according  to  the 
information  so  far  gathered.  The  cost  of  this  improvement  is  esti- 
mated as  follows: 

Improvement  of  Little  Sioux  Hirer. 
9  cut-offs,  aggregating  3.66  miles,  including  removal  of  Gumbo 


Rapids— 545,900  cubic  yards   $43,  672 

Engineering  and  contingent  expenses,  5  per  cent   $2, 184 

Total   $45,  856 

Number  of  acres  benefited  on  east  side  of  river   6,  500 

Average  cost  per  acre   87.  05 

Cost  of  the  two  improvements. 

Monona-Harrison  County  ditch   $191,  501 

Little  Sioux   $45,856 

Total     $237,357 

Total  number  of  acres  benefited   58,  840 

Average  cost  per  acre   84.  03 


IMPROVEMENT  OF  STREAMS  BY  LEVEES. 

This  part  of  the  subject  should  not  be  passed  without  referring  to 
another  method  of  controlling  the  overflow  and  reclaiming  the  valley 
which  is  proposed  by  some  who  have  given  the  subject  much  thought 
and  investigation.  It  involves  the  construction  of  levees  or  dikes 
along  the  banks  of  the  streams  to  confine  and  conduct  the  water  to  the 
Missouri  River,  and  is  regarded  by  some  as  an  essential  part  of  recla- 
mation works.  It  should  be  said  regarding  levees  that  they  do  not 
drain  land.  Their  only  office  is  to  protect  it  from  overflow.  When 
levees  are  used  to  increase  the  flood  capacity  of  stream-  the  volume 
of  water  is  carried  above  the  surface  of  the  adjoining  valley  land.  In 
the  case  of  the  Little  Sioux  the  flood  level  of  the  stream  would  be  12 
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feet  or  more  above  the  valley  land  that  it  is  desired  to  protect  and 
drain.  Furthermore,  they  rather  increase  the  necessity  for  drainage, 
since  there  is  an  unavoidable  seepage  when  water  is  carried  high  above 
the  surface  of  the  surrounding  land.  Leveeing  is  not  regarded  advis- 
able where  a  gravity  outlet  by  excavation  can  be  obtained.  It  is  wiser 
to  drop  the  water  by  means  of  ditches  and  carry  it  below  the  surface 
than  to  mass  it  above  the  surface  and  thereby  take  the  risk  of  breaks 
and  seepage.  In  addition  to  any  levee  system  that  may  be  constructed 
there  must  also  be  ditches  for  land  drainage.  The  plan  of  accomplish- 
ing both  objects  by  one  system  will  commend  itself  to  anyone  who  will 
consider  all  phases  of  the  subject.  It  is  never  considered  wise  to  use 
levees  for  the  protection  of  land  where  ditches  will  accomplish  the 
desired  purpose. 

UNDERDRAINAGE . 

Another  point  which,  in  comparison  with  the  problems  just  discussed, 
seems  insignificant  should  not  be  passed  over  in  the  plans  for  the 
drainage  of  this  valley.  It  does  not  require  much  prophetic  vision  to 
see  that,  with  proper  attention  given  to  the  subject  by  intelligent  and 
enterprising  landholders,  land  which  to-day  is  submerged  will  in  time 
be  all  that  could  be  desired  in  productive  farming  land.  It  will  be 
found  profitable  to  underdrain  much  of  this  bottom  land,  and  the  plan 
under  contemplation  should  be  made  with  that  end  in  view.  It  is  the 
history  of  all  similar  rich  bottom  lands  that,  as  soon  as  sufficient  sur- 
face drainage  has  been  provided,  underdrainage  is  taken  up  not  as  a 
necessity,  but  as  a  profitable  investment.  Surface  drainage  and  ade- 
quate outlets  must  be  first  provided.  The  road  ditches  proposed  as  a 
part  of  this  system  may  easily  be  deepened,  so  that  they  may  be  used 
as  outlets  for  tile  drains.  It  is  safe  to  say  that  in  ten  years'  time  this 
valley  will  contain  many  underdrained  farms  and  be  one  of  the  most 
productive  sections  of  the  State. 

DRAINAGE  DISTRICTS  IN  HANCOCK  COUNTY,  IOWA. 

Hancock  County  is  at  the  headwaters  of  several  small  streams 
which,  while  they  indicate  the  course  of  drainage,  have  insufficient 
capacity  as  drainage  channels.  The  soil  is  of  excellent  quality  and 
hence  the  farms  have  not  lacked  occupants.  Much  of  the  land  has 
a  rolling  surface,  but  there  is  scarcely  a  farm  some  part  of  which  does 
not  require  artificial  drainage,  while  many  farms  during  the  year  1903 
yielded  no  profit  owing  to  the  continued  wet  season.  The  necessity' 
for  extended  drainage  work  with  a  view  to  opening,  enlarging,  and 
deepening  the  natural  channels  is  acknowledged  by  all  landowners  in 
that  county.  Such  work  requires  the  organization  of  drainage  dis- 
tricts Avhich  shall  include  the  watershed  and  provide  for  the  construe- 
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tion  of  main  channels  which  must  be  extended  downstream  to  a  point 
where  the  natural  stream  is  well  defined  and  adequate  to  cany  the 
water  brought  to  it.  The  size  of  the  drainage  districts  in  Hancock 
County  varies  from  6,000  to  40,000  acres.  Some  of  the  conditions 
found  in  an  examination  of  several  of  these  districts  are  common  to 
other  localities.  As  the  entire  field  can  not  be  covered  in  this  discus- 
sion, some  of  the  salient  points  only  will  be  considered. 

The  new  drainage  districts  in  Hancock  County  include  the  head- 
waters of  branches  which  form  the  Iowa  and  Boone  rivers.  In  this 
respect  the}^  are  independent  of  drainage  coming  to  them  from  outside 
territory,  since  each  district  is  designed  to  include  the  headwaters  of 
a  stream.  This  is  the  correct  method  of  providing  for  general  land 
drainage.  It  is  more  efficient,  because  the  main  drains  may  be  propor- 
tioned for  the  drainage  they  will  be  called  upon  to  carry.  The  work 
can  be  done  more  cheaply  when  designed  and  handled  as  one  proposi- 
tion than  if  carried  out  in  small  tracts  at  different  times  and  by  sepa- 
rate organizations.  It  can  also  be  made  more  complete  and  effective 
than  it  would  be  if  done  piecemeal  as  the  necessity  for  drainage  of  the 
outlying  lands  forced  itself  upon  their  owners.  At  all  events,  this  is 
the  experience  of  other  localities  where  similar  conditions  exist. 

There  are  several  matters  to  be  taken  into  consideration  in  the 
formation  of  drainage  districts,  all  of  which  are  important  from  an 
engineering  as  well  as  the  landowner's  standpoint.  First,  a  general 
or  final  outlet  for  all  the  drainage  water  which  it  is  necessary  to  remove 
from  the  entire  district  during  a  wet  season,  or  the  maximum  rainfall 
in  ordinary  seasons.  Second,  such  branches  as  may  be  required  to 
give  each  owner  an  outlet  for  the  drainage  of  his  land,  except  perhaps 
those  who,  by  mutual  agreement,  can  arrange  for  their  own  outlets  to 
the  nearest  district  lateral.  Third,  a  sufficient  depth  of  these  drains 
to  permit  all  land  in  the  district  to  be  underdrained  to  a  depth  of  3  or 
4  feet.  Fifth,  the  most  practical  location  of  drains,  their  proper  shape, 
and  the  disposition  of  the  excavated  earth. 

The  facts  and  conditions  bearing  upon  these  several  points  are  of  a 
local  nature  and  should  be  examined  closely  before  any  plans  are 
adopted.  The  object  to  be  attained  is  thorough  drainage  for  the  farm 
land,  the  need  of  which  is  seen  and  appreciated  by  every  landowner  in 
the  county.  The  soil  is  open  in  structure,  takes  water  readily  from 
the  surface,  and  admits  of  free  percolation.  The  drift  formation 
lacks  the  clay  element  to  a  large  extent,  making  it  an  easy  soil  to 
drain,  }Tet  probably  fully  as  large  a  percentage  of  soil  water  will 
finally  reach  the  drains  and  lower  levels  by  percolation  as  from  stiffer 
soils,  though  not  so  much  will  reach  them  by  surface  overflow.  The 
low  lands  are  nearly  level,  while  the  lands  bordering  each  depression, 
pond,  or  slough  are  undulating  and  in  many  cases  have  quite  steep 
slopes  toward  the  depression.  The  soil  being  open  and  readily  admit- 
ting rainfall,  seeped  land  at  the  foot  of  the  slopes  results  requiring 
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underdrainage  for  its  relief,  while  all  of  the  more  level  lands  are  at 
present  swamp  and  useless.  The  level  notes  on  file  show  a  surface 
slope  of  2  feet  to  the  mile  in  some  instances,  while  other  portions  of 
these  flats  are  absolutely  level.  This  admits  of  but  little  surface 
drainage  of  the  land  in  its  natural  condition. 

DITCHES. 

The  value  of  deep  ditches — by  which  is  meant  those  from  0  to  10  feet 
deep — for  this  territory  can  not  be  overestimated  (PL  V).  In  many 
instances  the  entire  grade  for  lateral  drainage  must  be  made  by  addi- 
tional depth  at  the  outlet.  The  velocity  and  carrying  capacity  of  the 
ditch  increase  with  the  depth.  For  example,  water  6  feet  deep  will 
have  a  mean  velocity  40  per  cent  greater  than  water  only  2  feet  deep 
in  the  same  ditch.  Water  running  8  feet  deep  will  have  twice  the 
velocity  of  that  only  1  foot  deep  in  the  same  width  of  ditch.  This 
explains  why  shallow  ditches  on  light  grades  are  such  marked  failures 
as  drainage  outlets.  Again,  no  water  can  flow  away  through  shallow 
ditches  until  the  land  is  practically  saturated  to  the  surface.  The 
little  drainage  then  afforded  by  reducing  the  surface  level  of  the  water 
is  of  but  little  value  to  cultivated  crops. 

SIZE. 

It  is  of  the  highest  importance  that  main  ditches  be  constructed  of 
ample  capacity  for  the  work  required.  The  main  ditches  must  carry 
all  surplus  from  unusual  rainfall  and  at  the  same  time  not  overflow  or 
seriously  retard  the  drainage  of  outlying  fields.  It  is  customary  to 
design  them  to  remove  a  given  depth  of  water  from  the  entire  water- 
shed in  twenty-four  hours.  In  this  locality  drains  are  planned  to 
remove  0.5  inch  in  depth  each  twenty-four  hours,  without  being  filled 
more  than  two-thirds  of  their  available  minimum  depth.  The  mini- 
mum depth  of  these  ditches  should,  with  a  few  exceptions,  be  7  feet. 
Should  a  storm  of  extraordinary  violence  occur,  it  is  expected  that 
the  ditches  will  be  full  for  only  a  short  time. 

Regarding  the  size  for  the  smaller  open  laterals,  the  better  practice 
is  to  make  them  larger  than  may  be  necessary  to  serve  the  area  to  be 
drained.  In  order  to  give  them  the  required  depth  and  a  width  which 
can  be  afterward  maintained,  the  bottom  should  be  3  or  ±  feet  wide. 
A  minimum  width  of  3  feet,  with  side  slopes  of  H  to  1,  is  recommended. 
Laterals  should  be  constructed  of  large  drain  tile  where  possible,  and 
their  size  should  be  carefully  proportioned  to  the  area  to  be  drained. 
An  approximate  guide  in  this  work  is  as  follows: 

A  line  of  12-inch  tile  on  a  grade  of  0.1  foot  per  100  feet,  not  over 
1,000  feet  in  length,  will  give  drainage  for  160  acres  of  land;  on  a 
grade  of  0.2  foot  per  100  feet,  it  will  drain  200  acres. 

A  line  of  10-inch  tile  on  a  grade  of  0.1  foot  per  100  feet,  1,000  feet 
long,  will  drain  100  acres.    While  tile-drains  of  this  size  with  accom- 
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panying  overflow  channels  will  apparently  drain  more  than  this  area 
in  some  seasons,  it  will  not  be  safe  to  exceed  these  limits  if  permanent 
work  is  desired. 

DIFFICULTIES  WITH  NEW  DITCHES. 

There  are  some  difficulties  in  the  construction  and  maintenance  of 
deep  ditches  which  are  not  experienced  with  shallow  ones.  They 
carry  more  water  and  have  a  greater  velocity  of  flow,  consequently 
the  sides  of  the  ditches  are  eroded  more  than  is  the  case  in  shallow 
ditches.  The  most  critical  time  with  these  ditches  is  the  first  year 
after  construction.  Unless  the  bottom  width  be  somewhat  greater 
than  would  otherwise  be  required,  the  caving  of  the  sides  may  obstruct 
the  center  of  the  channel  during  the  first  year,  greatly  interfering 
with  its  usefulness.  If  there  is  room  at  the  bottom  for  these  changes 
the  center  of  the  channel  will  be  less  likely  to  become  obstructed  and 
may  be  more  easily  cleaned.  All  open  channels  such  as  road  ditches 
and  farm  overflows  should  discharge  into  the  ditches  by  means  of 
slopes  50  to  75  feet  long,  cut  down  to  within  a  foot  of  the  bottom  of 
the  main,  instead  of  by  overfalls,  in  order  to  avoid  washing.  When- 
ever drain  tile  can  be  used,  it  may  be  laid  through  the  waste  bank  and 
berm  to  discharge  2  feet  from  the  flow  line  of  the  ditch.  This  is  always 
the  preferable  way  of  carrying  surface  water  into  a  ditch.  The  berm 
of  the  ditch  should  be  of  such  width  that  the  weight  of  the  excavated 
earth  will  not  crush  the  ditch  banks.  Difficulties  of  this  kind  occur 
only  during  the  construction  of  the  ditch,  when  the  lower  earth  is 
filled  with  water  and  has  little  .stability.  As  soon  as  this  water  drains 
out  the  earth  is  always  sufficiently  firm  to  sustain  the  waste  banks. 
Berms  6  feet  wide  are  found  to  be  sufficient  for  this  purpose,  though 
if  the  earth  is  thrown  and  scattered  farther  away  the  subsequent  labor 
of  grading  down  the  waste  banks  will  be  less. 

Some  of  these  swamp  lands  are  covered  with  a  heavy  turf  of  a  peaty 
nature  which  will  shrink  or  settle  when  drained,  so  that  the  ditches 
through  these  tracts  may  be  found  1  foot  less  in  depth  when  the  land 
becomes  drained.  In  some  muck  swamps  this  settlement  takes  place 
in  the  bottom  and  displaces  the  grade  line  of  the  ditch.  This  will 
probably  not  be  the  case  in  these  districts,  for  the  bottom  material  is 
clay,  sand,  or  gravel,  and  the  grade  will  remain  as  dug.  There  are, 
however,  peaty  soils  found  in  ponds  which  when  drained  will  shrink 
materially  and  leave  the  drain  much  nearer  the  surface  than  originally 
placed.    This  shrinkage  may  in  some  instances  be  as  great  as  1  foot. 

STRAIGHTENING  CROOKED  WATERWAYS. 

Ditches  should  be  as  straight  as  is  consistent  with  economy  of  con- 
struction. At  the  same  time  they  should  be  so  located  as  to  be  conven- 
iently reached  by  each  landowner.    It  is  a  matter  to  be  decided  mainly 
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by  the  topography  of  the  land.  It  is  not  desirable  to  divide  farms 
into  fields  of  inconvenient  shapes,  neither  is  it  wise  to  take  the  ditch 
far  out  of  the  general  water  course  as  indicated  by  natural  drainage. 

SURVEYS  AND  PERMANENT  RECORDS  OF  WORK. 

Preliminary  surveys  and  maps  should  be  complete  and  full  data 
should  be  gathered  and  placed  on  the  maps.  Every  owner  of  land 
within  a  proposed  district  is  concerned  and  his  interest  should  be 
looked  after  minutely  in  the  development  of  a  drainage  plan.  A  series 
of  bench  marks  should  be  established  in  each  district,  so  that  when 
repairs  on  ditches  are  required  the  original  grade  line  may  be  repro- 
duced and  the  ditches  cleaned  out  to  the  depth  originally  dug. 
Amended  maps  and  profiles  of  the  work  as  finally  completed  should 
be  filed  for  future  reference.  The  value  of  these  will  be  appreciated 
when  it  is  remembered  that  practically  every  owner  of  land  who  pays 
an  assessment  toward  the  cost  of  the  work  has  acquired  certain  drain- 
age rights  which  will  pass  to  consecutive  owners.  The  improvements 
are  permanent  and  are  of  public  as  well  as  private  value. 

TJNDERDRAINAGrE  TO  PREVENT  HILLSIDE  EROSION. 

An  experiment  was  made  with  underdrains  on  hillside  land  in  the 
State  of  Georgia  during  the  past  season  for  the  prevention  of  hillside 
washing.  The  red  hill  land  of  north  Georgia  constitutes  a  large  part 
of  the  productive  fields  of  that  part  of  the  State.  The  steeper  slopes, 
when  cultivated,  are  easily  eroded  by  the  heavy  rainfall  which  occurs 
in  the  South  during  the  winter.  The  surface  freezes  slightly  in  the 
winter,  which  renders  the  soil  all  the  more  easily  moved  by  subse- 
quent rains.  Many  hillsides  have  been  abandoned  to  gullies,  broom 
grass,  and  briers  on  account  of  surface  washing.  Terracing  has  been 
resorted  to  quite  largely  for  the  preservation  of  hill  lands.  It  has 
been  observed  that  the  lower  portions  of  the  slopes  receive  the  greater 
injury  from  this  washing.  The  water  from  the  upper  part  of  the  hill 
not  only  concentrates  in  such  natural  depressions  as  exist  on  the  sur- 
face, but  the  water  which  sinks  into  the  soil  oozes  out  at  different 
horizons  about  the  hill  and,  by  softening  certain  portions,  makes  them 
easily  susceptible  to  the  action  of  the  water,  which  speedily  washes 
away  the  saturated  soil.  The  holes  thus  formed  make  starting  points 
for  the  hillside  ditches.  The  cultivator  may  fill  the  ditches  from  time 
to  time,  but  the  oozing  water  at  their  heads  perpetuates  the  conditions 
under  which  they  were  first  formed,  so  that  no  material  progress  is 
made  in  the  repair  of  the  injury.  Several  such  seeped  spots  give  rise 
to  corresponding  small  ditches  which  soon  become  deep  gullies  and 
eventually  necessitate  the  abandonment  of  the  field. 

The  experiment  to  test  the  efficiency  of  underdrains  for  the  preven- 
tion of  hillside  erosion  of  this  description  was  made  on  the  farm  of 
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Dr.  L.  G.  Hardman,  of  Harmony  Grove,  Ga.  The  field  had  been 
cultivated  at  one  time  but  was  abandoned,  and  at  the  time  the  experi- 
ment was  made  was  deeply  gullied  and  given  over  to  briers  and  wild 
grass.  Stone  dams  had  been  used  at  various  points  to  prevent  the 
further  deepening  of  the  ditches.  In  making  the  improvement  lines 
of  4-inch  drain  tile  were  laid  across  the  slope,  intersecting  the  upper 
edge  of  the  seeped  spots  at  a  depth  of  about  2.5  feet,  and  were  con- 
tinued to  a  free  outlet.  The  drains  were  laid  in  this  way  for  the  pur- 
pose of  intercepting  the  water  which  oozed  down  the  slope  underneath 
the  surface  and  cropped  out  at  some  lower  point  on  the  surface  of  the 
hill.  It  is  expected  that  the  carrying  away  of  the  seepage  water  will 
render  the  surface  as  firm  at  these  points  as  at  others  and  so  prevent 
the  formation  of  ditches.  After  the  drains  were  laid  the  gullies  were 
filled  and  the  surface  graded  and  dressed  in  such  a  way  that  all  the 
surface  water  would  be  scattered  instead  of  concentrated.  No  terraces 
or  ditches  have  been  maintained. 

One  season  has  elapsed  since  the  improvement  was  made.  A  crop 
has  been  raised  and  the  ground  fall-plowed  and  seeded  to  wheat.  No 
washing  has  occurred,  and  so  far  the  experiment  has  been  successful. 
It  should  be  said,  however,  that  the  rainfall  has  been  deficient  this 
year,  so  that  further  time  must  pass  before  the  full  value  of  the 
experiment  can  be  determined. 

GENERAL  CONCLUSIONS. 

(1)  Where  possible  surface  and  soil  water  should  be  intercepted 
before  entering  a  farm  ratjier  than  drained  from  it.  This  can  be  done 
if  the  drain  is  so  located  as  to  intercept  the  underflow.  It  may  often 
be  necessaiy  to  supplement  these  drains  with  wells. 

(2)  Alkali  can  be  washed  out  of  land  and  prevented  from  accumu- 
lating. The  prevention  of  the  accumulation  of  alkali  is  more  simple 
than  the  reclamation  of  land  after  it  has  been  rendered  unproductive. 
The  results  of  practice  thus  far  show  that  where  soils  are  deep,  loose, 
and  contain  but  little  cla}T,  drains  should  be  laid  from  I  to  5  feet  deep 
and  may  be  from  200  to  300  feet  apart.  Heavier  soils  may  be  drained 
from  3  to  3.5  feet  deep  with  good  effect  by  drains  from  100  to  150  feet 
apart.  When  drains  have  been  provided  the  water  supplied  by  winter 
rains  and  summer  irrigation  will  steadily  reduce  the  quantit}^  of  alkali 
in  the  soil.  Drain  tile  and  also  box  drains  may  be  used.  Each  has  its 
appropriate  place.  The  former  will  come  into  more  general  use  as 
soon  as  plants  for  its  manufacture  are  located  more  conveniently  to 
those  areas  requiring  drainage.  Open  trenches  should  be  used  only 
as  outlets,  for  the  reason  that  it  is  difficult  to  keep  them  cleaned  out  to 
the  depth  at  which  they  should  be  maintained  and  free  from  noxious 
weeds.  They  are  inconvenient  in  irrigated  fields  and  undesirable 
wherever  under  drains  can  be  employed. 
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(3)  The  pumping  of  drainage  water  in  localities  where  there  is  no 
convenient  outlet  is  as  necessary  and  as  practical  in  irrigated  areas  as 
it  is  in  the  reclamation  of  low  lands  in  the  humid  areas  where  gravity 
outlets  are  impracticable. 

(tt)  While  the  necessity  for  the  drainage  of  irrigated  lands  will 
doubtless  be  less  obvious  when  water  is  more  economically  used  and 
supply  canal-  are  improved  in  such  a  way  as  to  diminish  leakage,  a 
considerable  loss  of  water  from  both  causes  will  always  be  unavoida- 
ble, so  that  drainage  will  always  be  an  essential  part  of  the  improve- 
ment of  irrigated  land  in  some  localities. 

(5)  The  complete  drainage  of  farm  lands  in  humid  belts  can  be 
effected  only  by  the  enlargement  and  general  improvement  of  the 
minor  arterial  streams  which  receive  the  drainage  and  by  the  excava- 
tion of  new  ditches  where  natural  streams  are  insufficient.  As  the 
low  lands  near  the  streams  are  transformed  into  farms,  they  must  be 
protected  from  the  overflow  which  periodically  endangers  them.  This 
must  be  considered  in  connection  with  the  more  complete  improvement 
of  higher  lands,  the  drainage  of  which  contributes  to  the  supply 
of  main  streams.  So  many  phases  of  the  drainage  problem  are 
involved  that  the  investigation  resolves  itself  into  an  examination  of 
individual  eases  in  which  local  as  well  as  general  difficulties  must  be 
considered. 

(6)  The  ultimate  removal  of  the  surplus  soil  water  from  the  tields 
is  the  end  sought.  At  the  same  time,  the  proper  conservation  and 
distribution  of  the  water  should  be  considered  more  fully  in  the 
improvement  of  farm  lands  than  it  has  been  in  the  past.  The  rate  of 
removal  of  water  from  soils  should  be  as- slow  as  is  consistent  with 
efficient  drainage. 

(7)  During  the  past  year  new  drainage  laws  have  been  enacted  in 
Arkansas,  California.  Nebraska,  and  Idaho,  and  amendments  to  exist- 
ing drainage  laws  have  been  passed  in  ten  other  States.  Such  laws 
are  essential  to  work  in  land  drainage  where  the  improvement  affects 
the  property  of  two  or  more  owners.  The  organization  of  drainage 
districts  under  the  provisions  of  the  State  laws  permits  the  drainage 
of  large  areas  in  such  a  way  that  the  rights  and  privileges  of  landown- 
ers are  secured.  The  need  of  cooperation  among  land  owners  in  carry- 
ing out  almost  every  plan  for  comprehensive  drainage  is  felt  whenever 
such  work  is  attempted.  The  varying  interests  of  property  owners 
affected  by  proposed  improvements  must  be  considered  in  connection 
with  natural  drainage  rights  and  advantages  which  each  has  acquired 
with  the  title  to  his  land.  Many  complex  questions  of  law  and  equity 
arise  in  carrying  out  what  i^  known  to  the  law  as  "  combined  drain- 
age.** necessitating  in  many  instances  a  liberal  interpretation  of  the 
statute  by  both  court  and  people. 
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Bui.  124.  Report  of  Irrigation  Investigations  in  Utah,  under  the  direction  of  Elwooc 
Mead,  chief,  assisted  by  E.  P.  Teele,  A.  P.  Stover,  A.  F.  Doremus,  J.  D 
Stannard;  Frank  Adams,  and  G.  L.  Swendsen.    Pp.  336.    Price,  $1.10. 

Bui.  130.  Egyptian  Irrigation.   By  Clarence  T.  Johnston.   Pp.  100.   Price,  30  cents 

Bui.  131.  Plans  of  structures  in  use  on  irrigation  canals  in  the  Ignited  States,  from 
drawings  exhibited  by  the  Office  of  Experiment  Stations  at  Paris, -in 
1900,  and  at  Buffalo,  in  1901,  prepared  under  the  direction  of  Ehvood 
Mead,  chief.  Pp.  51.  Price,  60  cents. 
*Bul.  133.  Report  of  Irrigation  Investigations  for  1902,  under  the  direction  of  Elwood 
Mead,  chief.    Pp.  266.    Price,  25  cents. 

Bui.  134.  Storage  of  Water  on  Cache  la  Poudre  and  Big  Thompson  Rivers.  B 
C.  E.  Tait.    Pp.  100.    Price,  10  cents. 

Bui.  140.  Acquirement  of  Rights  to  Water  in  the  Arkansas  Valley,  Colorado.  By 
J.  S.  Greene.    Pp.  83.    Price,  5  cents. 

Bui.  144.  Irrigation  in  Northern  Italy.    By  Ehvood  Mead.    In  press. 

Bui.  145.  Preparing  Land  for  Irrigation  and  Methods  of  Applying  Water.  Preparec 
under  the  direction  of  Ehvood  Mead,  chief.    In  press. 

Bui.  146.  Current  Wheels.    By  Albert  Eugene  Wright.    In  press. 

farmers'  bulletins. 

Bui.   46.  Irrigation  in  Humid  Climates.    By  F.  H.  King.    Pp.  27. 

Bui.  116.  Irrigation  in  Fruit  Growing.    By  E.  J.  Wickson.    Pp.  48. 

Bui.  138.  Irrigation  in  Field  and  Garden.    By  E.J.  Wickson'.  Pp.40. 

Bui.  158.  How  to  Build  Small  Irrigation  Ditches,    By  C.  T.  Johnston  and  J.  D. 

Stannard.    Pp.  28. 
Bui.  187.  Drainage  of  Farm  Lands.    By  C.  G.  Elliott.    Pp.  40. 


